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FOREWORD 


THE Medical Department of the Army h« been confronted with 
the ne ceari ty for enonnou* and rapid expansion paralleling that of 
the armed forces. The state of war has greatly increased the task of 
furnishing adequate medical care for Army personnel since battle 
casualties are added to the sdready wide range of diseases and Injuries 
that must be treated. 

Expansion of the medical establishment of the Army is entmely 
dependent on entry into the service of individuals from civil life 
While most reserve officers have had a varying amount of military 
traming, practically all medical officers will encounter problems m 
the military se rvi ce entirely foreign to then previous expenences. 
These problems are by no means conhned to those of an administra- 
tive nature many are distinctly professional. The military situation 
imposes certain restnctmg factors which render impracticable some 
procedures that would be considered ideal in civil life. The goal of 
furnishing the best possible treatment to all individuals is the same 
m the Army as m avil life, but the means to attain that goal may 
differ materially 

There has been a marked tendency to specializatioa withm the 
medical profession tmco the first World War This tendency is funda 
mentally sound but does serve to mcrease the problems of many indi 
vidual medical officers m time of war Specialixation cannot be 
followed to the same degree m the military service as m civil life 
While many highly qualified specialists m the various fields of medi- 
cine and surgery will serve m like capacities in the Army thi« cannot 
invariably be true The great burden of medical care will fall on 
medical officers outside the highly specialued fields. It is thus essen- 
tial that nearly all medical officers be familiar with the principles of 
military surgery Recent advances m therapy have resulted m radical 
modification of certam prmaples of treatment that were formerly 
considered sound. 

This series of texts presents in compact form essential up-ti>tiate 
and reliable information regarding milrtaiy su r ger y The various sec 
tkms have been wntten by outstanding authorities in their respective 
fields. They have been prepared for publication imder the auspices of 
the Divuion of Medical Sciences of the Nabcmal Research CoimciL 
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FOREWORD 


These texts will prove a highly valuable source of professional 
information for any surgeon desirmg a knowledge of the prmciples 
of military surgery Their application is not confined to military medi- 
cme, for most of the wounds and mjuries of modem warfare may be 
duplicated m civil emergencies The condensed form and avoidance 
of debatable points will render them very convenient for quick refer- 
ence as well as for more mature study 

These volumes represent an important addition to the field of sur- 
gical texts The mdividuals instrumental in their preparation have 
made a distinct contnbubon to civil and military medicme by their 
assemblage and presentation of this timely professional information 

James C Magee 

Major General, U S Army 
The Surgeon General 

The naval medical officer is often faced with medical or surgical 
situations with which he must deal entirely alone and without the 
opportunity for consultation and assistance from other members of 
his profession He may be the only medical man on a ship in the mid- 
dle of an ocean, and any surgical emergency must be met by him and 
him alone He cannot refer the case to a specialist, he himself must 
do everythmg that is necessary It is important that he have the best 
assistance that professional books and journals can give him A vol- 
ume such as this, which contains practical and essential thmgs, readily 
accessible, is a real help to a medical officer and patient in this situa- 
tion 

Ross T McIntire 

Rear Admiral, Medical Corps 
Surgeon General, U S Navy 
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INTRODUCTION 


THIS volume is one of a senes developed under the auspices of the 
Division of Medical Sciences of the National Research Council to 
furnkh medical departments of the United States Army and Navy 
with compact presentations of necessary information in the field of 
military surgery The individual manuals are prepared under the 
auspices of the vanoui subcomralttees of the Committee on Surgery 
of the Division of Medical Sciences of the Nabonal R es earch Coun 
cil and are edited by the Committee on Infonnatioc. 

The six volumes cover the following subjects plasbc and maxil- 
lofadal surgery ophthalmology and otolaryngology abdominal and 
gemto-unnary injuries, orthopedic subjects bums, shock, vascular in- 
junes, and wound bealmg and neurosurgery and thoraac surgery 
The Committee on Surgery mcludes Dri. Evarts A. Qraham, 
Chairman, Irvin AboU, Donald C. Balfour George E. Bennett, War 
reft H. Cole, Fredenck A. CoUer Robert H. Ivy Herman L. Kretsch- 
mer Charles G Mixter Howard C Nafixiger Alton Ochsner L S. 
Ravdin, and Allen O Whipple. The Committee on Information in 
dudes Drs. Morris Pishbein, Chairman, J J Bloomfield, John F Ful 
ton, Richard M. Hewitt, Ira V Hiscock, Sanford V Larkey and 
Robert N Nye. 

Most of the detail of the editorial work has been done by Dr 
Richard M. Hewitt, assisted by James Eckman, m the Division of 
Publications, the Mayo Clinic, Rochester Minnesota. 

Lewis H. Weed, MJD Chatrman Divisjorx of Medical Sdencea 
of the Netknal Research Council 

Morris Fiskhew MJD, Chairman Committee on Inlormation of 
the Dnnsion of Medical Sciences of the National Research 
CouncH 

Charles C Hillman Brigadser General V S. Army War De- 
partment Representatrve National Research Council 

James Stevens Simmons, Colonel U S Army Medical Corps, 
War Department Representairve National Research Council 

Charles a Stephenson Captain U S Navy Medtcal Corps 
Navy Department Representative Nattonal Research Counal 
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PREFACE 


THE piirpo»e of tha manual u to nipply to tlxa© who already have 
bad at leait •ome etpeneoce in avll neurosiffgery certain particular* 
regarding eatablabed metboda of treatment m the rather special field 
of gunshot and shell wound* of the brain, spinal cord, and peripheral 
nerves, as seen m modem warfare. In addition to material on these 
ipeosl woundi, the ordinary typos of head and spinal injuries are 
considered, since these may be just as frequent m modem warfare as 
wounds fr o m missiles. Finally, a chapter on the infectious complies 
tiottB of skull and tpmal injuries a given, but no attempt has been 
made to cover the late sequelae, such as convulsions and various post 
traumatic states, since patient* needing treatment for these condi- 
tions eventually will be referred to permanent hospitals suited to 
these purposes. 

The information contained herem has been gathered from e 
variety of sources. Much has been supplied by those who had an 
abundant experience in the war of 1914-1918 The literature of war 
wounds from that world confiict and from the present one has been 
reviewed. Special help has been obtained from the British manual 
published m 1918 by the Royal Army Medical Corps, from the MSI 
tary Medical Manital containing the views of the French school, and 
from the directions issued by Dr Harvey Oahing to the Amencan 
neurosurgical teams in the war of 1914-1918 Certam observabons 
made experimentally have been taken into consideration, and some of 
the applications of advances ro neurosurgery have been advocated. 
We are particularly indebted to Professor Hugh Calms, Oxford, 
land, and to Prolessor OeoEErey Jefferson, Manchester England, for 
personal communications regarding methods current in the present 
war 

Much of the subject matter m the chapter on infections of the 
nervous system has been taken verbatim from the article by Or 
Frand* C Grant m Injuries oi the Sktill Brain and Sptnal Cord 
by kind consent of the editor Dr Samuel Brock, and the publishers, 
the WUUam* and WiDoni Company to whom grateful acknowledg 
ment is made. Finally we are greatly indebted to Thomas Nelson and 
Son* and to Paul B. Hoeber Inc, for pennistion to use material frorn 
the articles of Dr Byron Stookey and Drs. Pollock and Davis, r e spe c 
xlU 
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PREFACE 


tively, in the chapter entitled “Injuries of Peripheral Nerves,” and to 
Cunningham’s Textbook of Anatomy, published by William Wood 
and Company, to Werner Spalteholz’s Hand-Atlas of Human Anat- 
omy, published by J B Lippmcott Company, and to the Manual of 
Neurosurgery, published by the Surgeon General’s office, for the use 
of illustrations m the chapter dealing with peripheral nerves 

The material to be considered has been grouped m five mam 
categories (1) gunshot and other injuries of the scalp, skull and 
brain, (2) gunshot and other injuries of the spinal cord, (3) injuries 
of the intervertebral disks m military service, (4) injuries of the 
peripheral nerves, and (5) infections of the nervous system and its 
coverings arising from injuries of war It is our object to set forth 
what we believe would be the ideal treatment for these special in- 
juries from the time of their infliction until the patient is able to be 
discharged from a hospital m the zone of the interior 

The present manual will form, it is hoped, a working basis which 
can be added to or modified m any way, as information accrues or 
circumstances warrant 

Fmally, it must be remembered by all those concerned with han- 
dling the wounded m warfare that it is their prime object to do every- 
thing for the greatest good of the greatest number, and thus to return 
the highest percentage of men to active duty In times of great stress 
patients must be selected for operation on this basis, but it must be 
borne m mind always that it is better and more satisfactory to do 
complete and careful operations, even if fewer of them can be done, 
than to do a large number of incomplete operations, since the com- 
lications and end-results of the latter are far worse than those arising 
from complete operations 

Subcommittee on Neurosurgery 
Committee on Surgery 
Division of Medical Sciences 
National Research Council 
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CHAPTER I 


GUNSHOT AND OTHER INJURIES OF SCALP, 
SKULL, AND BRAIN 

GILBERT HOBRAX MJ) •nd CLAUDE C. COIEMAS MJ> 


THIS chapter ha« been wntten m two divl*Jon* by different exitbon 
workiiig independently The firet divinon deali with jEunibot and 
ihell woundt, many of wfakh are of the tonmlled penetrating type. 
Herein, by a “penetrating wound* ii meant one m which the con- 
tmmty of the dura, and perhapa of other meningea, is interrupted by 
any meant whatever Tba second division of the chapter deals with 
wounds of the head caused otherwise than by shot and sbelJ that 
is, head injunea timller to those commonly seen in civil Ufa, such as 
dioae resulting from falls, motor accidents, or objects falling on the 
head from a height Many of these wounds, but by no means all of 
them, are of the so-called no n p ene t rating type 

Obviously what the first author says concerning injunet of the 
one type often will bo said also by the second author concerning In 
juries of the other type. Although this does not constatute overlap- 
ping, In the usual sense, the reader may wish to cross-refer at times. 
Therefore, many cross references been supplied. 

GUNSHOT OR SHELL WOUNDS OF SCALP 
SKULL, AND BRAIN 

PROPmXAXlS 

It would be of the greatest possible benefit if soldiers could all 
go into action with closely cropped hair It is a self-evident fact that 
long hair matted and often hardened with clotted blood, is difficult 
to make clean, requires much more time to remove i md involves 
a slow and painful process in its removal Futhermore, long hairs 
driven into the brain form added infected mstenaL 

JmraanIznUon agsirul Tetanus 

All personnel of the Army is immunired actively against tetanus 
b> vaccination with tetanm toxoid (plain) The initial series b given 
3 
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as soon as possible after each individual enters the service It con- 
sists of three subcutaneous injections of the toxoid at intervals of 
three to four weeks, each injection being 1 cc in amount. A stimu- 
latmg dose of 1 cc normally will be given at the end of the first 
year only However, if an individual is to depart for a theater of 
operations he is given a stimulatmg dose of 1 cc unless such de- 
parture IS withm a period of six months subsequent to the stimulating 
dose given at the end of the first year The record of tetanus vac- 
cmations is stamped on the identification tags of the mdividual. Im- 
munity lasts from six months to five years Untoward reactions are 
rare An emergency stimulatmg dose of 1 cc. of tetanus toxoid is ad- 
ministered to any previously vaccmated mdividual who mcurs a bat- 
tle wound or bum, or any nonbattle mjury m which tetanus is feared, 
or who is to imdergo a secondary operation for which the surgeon 
deems tetanus toxoid advisable. 

All personnel of the Navy is also immimized actively agamst 
tetanus but the system differs m several respects from that employed 
m the Army 

1 Alum precipitated toxoid is employed instead of plam toxoid 

2 Each dose is 0 5 cc mstead of 1 cc 

3 The mitial senes consists of two injections at mtervals of four 
to eight weeks 

4 A stimulatmg dose of 0 5 cc is given at the end of one year 

and if the mdividual is wounded. 

If tetanus toxoid has not been given, tetanus antitoxin (1500 
umts) should be given mtramuscularly at the earliest possible mo- 
ment after the mfliction of a wound of any type except those which 
are tnvial and superficiaL A second mjection of like dosage should 
be given after subsequent operation. Such mjections should be re- 
corded on the soldier’s emergency medical tag as to the time, place, 
and amount injected. 

GENERAL CONSIDERATIONS 

Records 

It IS of the greatest importance m all cases of head mjury that 
a record be made of the patient’s symptoms and signs at all stages 
of his progress, so far as this is feasible This record should be en- 
tered on the man’s emergency medical tag at the earliest dressing 
station and subsequent records should be entered at any other hos- 
pitals to which the patient may be taken. This record should mdicate 
any evidence of damage to the brain (paralysis, focal or other con- 
vulsions, aphasia, sensory loss, ataxia, and so forth) Other points are 
the state of consciousness, condition of pupils, and pulse rate 
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This kijowledge will bo of the gre«test value to those who have 
to deal with the treatment of the wounded at later stages. These 
records may be the only guides as to the diagnosis of a meningeal 
or subdural hematoma. 

So far as conditions p e rm it, a brief history and results of a neu 
rologic ezamhiatlon should be recorded at the hospital where com 
plete dibndement of the wound bat been done. Results of subsequent 
neurologic examinabont should be recorded as the patient’s signs end 
symptoms become better or worse. These records are important, not 
only in tbe mahmg of decisioQS as to further indications for treat 
ment (such as the development of meningitis or abscess of the bram) 
but for correlation of data which can be used eventually for in 
ves tiga t iv e purposes. 


Treatment Given 

UorpUn* firm Dom 

Balfotttmld* flTes Da*« 

Axrtltttfnle Mnnn 
dm Doc* 

Pro 4t mt xtndte Obmirrtiicn 
IiBpror* d ? StstlaBsrjr? Wor**? 


Slfnattn-* of MD 


Head Injury Card 

For ns* at all m«dtcal ■tstiona 
from front to b«M. 


Na 

Rack 


Nsma 

Unh 


Dat* and the* of iajury 
Dat* aad tlm* of namhartlon 
J External lalory? F iac t ia a taan? 

^ Fhawad? Dcproaaad? 

w (8it« of extaroal voumla to b* markad 
J oo diasrama on back of tM« card.)* 


AU qtMctiora markad with fntatrofa- 
UoD mark to b* antwared adch + 

Yaa O m No. At aach itatloo en- be*- 
pftal a oaw card mot b* fillad In afwt 
plaoad arlth tb* otbar cards in tfa* 
patient! aaralop* 


Maoial (tat* 
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Waa kn caa or pcraljrtls? 

Rlffat Ufflba? Laft limbs? 

Pula* rata Flta? 

Raapiration rata 

Tbasa dlaframi art ontUna dravincs of tba faca, of tb* top of tb* h**d. 
and of ritbt and laft tidat of b#*d (Flf. 1) 


FMd Merfrcel Card — A convenient and efficient method of re- 
cording U to fill o field medical card similar to that used in the 
British Medical Service a suggestion of which ts given above. At each 
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as soon as possible after each individual enters the service It con- 
sists of three subcutaneous injections of the toxoid at intervals of 
three to four weeks, each injection being 1 cc in amount. A stimu- 
latmg dose of 1 cc normally will be given at the end of the first 
year only However, if an mdividual is to depart for a theater of 
operations he is given a stimulatmg dose of 1 cc unless such de- 
parture IS withm a period of six months subsequent to the stimulatmg 
dose given at the end of the first year. The record of tetanus vac- 
cmations is stamped on the identification tags of the mdividual Im- 
munity lasts from six months to five years Untoward reactions are 
rare An emergency stimulatmg dose of 1 cc of tetanus toxoid is ad- 
mmistered to any previously vaccmated mdividual who mcurs a bat- 
tle wound or bum, or any nonbattle mjury m which tetanus is feared, 
or who IS to undergo a secondary operation for which the surgeon 
deems tetanus toxoid advisable 

All personnel of the Navy is also immunized actively against 
tetanus but the system differs m several respects from that employed 
m the Army. 

1 Alum precipitated toxoid is employed instead of plam toxoid 

2 Each dose is 0 5 cc mstead of 1 cc 

3 The mitial senes consists of two injections at mtervals of four 
to eight weeks 

4. A stimulatmg dose of 0 5 cc is given at the end of one year 
and if the mdividual is wounded. 

If tetanus toxoid has not been given, tetanus antitoxin (1500 
umts) should be given mtramuscularly at the earliest possible mo- 
ment after the mfliction of a wound of any type except those which 
are tnvial and superficial. A second mjection of like dosage should 
be given after subsequent operation. Such injections should be re- 
corded on the soldier's emergency medical tag as to the time, place, 
and amount injected. 

GENERAL CONSIDERATIONS 

Records 

It is of the greatest importance m all cases of head mjury that 
a record be made of the patient’s symptoms and signs at all stages 
of his progress, so far as this is feasible This record should be en- 
tered on the man’s emergency medical tag at the earliest dressmg 
station and subsequent records should be entered at any other hos- 
pitals to which the patient may be taken. This record should mdicate 
any evidence of damage to the bram (paralysis, focal or other con- 
vulsions, aphasia, sensory loss, ataxia, and so forth) Other pomts are 
the state of consciousness, condition of pupils, and pulse rate 
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the Iflft group there will be severed eubdivuions, since the operative 
treatment varies considerably with different types of penetrating 
grounds. These divisions will appear presently 

Objects of Treatment 

In a general way the objects of any treatment for shell wounds 
of the brain and its envelopes are exactly the same ns for wounds 
of all other tissues, namely, complete and thorough removaf by opera 
live measures of all dirty contaminated, or devitalised tissue from 
the ■tnn Inward, together with removal of all retained foreign bodies 
— fragments of bone, hair clothing, and pieces of metal, with cer 
tain exceptions in respect to the latter as will be explained in detail 
m the p r o p er place. As with other tissues, so with respect to the brain, 
dibndement should be accomplished without further loss of physi- 
ologic function or exdtion of clean, normal tisrae, except m so far 
as It may bo advisable in order to make certain that all doty or 
Infected material has been eliminated. Dibndement of every wound 
should be done at the earliest opportunity to do it thoroughly so that 
contaminated open wounds may be converted into dosed dean ones 
as quickly as possible. 

General Treatment 

Certam other generalixed Imes of treatment should be mentioned, 
since they may be appbcable at any point, from the battalion md 
stations down to the general hospitals. The following two paragraphs 
are taken substantially from *Memorandum of the Treatment of 
Head Injuries” by Prof Hugh Caims 

General treatment will be detenmned by (1) the clinical evi 
denco of Inpny to the bram, and (2) the nature of the wound, if one 
IS present As already emphasized, it is of the utmost importance 
that m all cases of injury to the head, except for the most trivial 
mjunes, a neurologic examination be made and results r e corded and, 
if necessary, repeated later on each occasion the record being entered 
on a field card. 

The general plan of treatment for the patient who Is unconscioia 
after an Injury to the bead, whether open or closed, is the same. 
The most important principles of nursing are to mamtam a free 
ouway end assurance that food end oral secretions do not get into 
the trachea, for if they do get m the> may cause pnemnonia, which 
usuallj is fatal (see also p. 29) The patient should be laid on 
his tide but ho should be turned from one tide to the other ev’ery 
four hours, and, in addition, his position should be slightly altered 
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medical station to which the man is sent a new card is filled m by 
the medical officer, so that any changes m the patient’s condition 
for better or for worse are thus recorded The card should be m such 
form that when it is folded once it will fit mto an evelope of water- 
proof paper which is attached to the man’s clothmg The mformation 
to be noted on such a card so far as head mjunes are concerned has 
been indicated m the foregoing form 






are pnnted on the field medical card 


Three Divisions of the Subject 

After consideration, it seems that gunshot wounds of the scalp, 
skull and bram might be considered best imder three mam headings, 
namely, wounds of the scalp, fracture of the skull without penetration 
of the dura, and fracture m which the dura has been penetrated In 
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SalTanllamlde 

This drug fhould be given crally to ali patients, Including those 
who have purely tcalp wounds, unices it is possible to operate on 
the latter within twelve hours. The first dose of sulfanilamide should 
be giv e n as soon as possible after the wound has been received and 
the amoimt time (day and hour) of administration should be 
noted on the soldier’s emergency medical tag. If the patient ts unable 
to swallow, it should be given by nasal tube. The Initial dose should 
be 2 gm. nryj subsequently 1 gm every tht hours should be admin- 
istered (see also p. 38) In all cases, the amounts administered should 
be noted on the emergency medical tag, together with the day and 
hour given. 

Transportation 

This should be accomplished with all possible speed but with the 
utmost in gentleness, espeoatly m respect to those whose head 
wounds are obviously serious and extensive. In transportation bv 
air it should be remembered that patients who have wounds pene- 
trating the brain do not tolerate high altitudes (that la, more than 
4500 feet) well. High altitude m cr ease s headache and vomiting and 
causes further p ro tr usion of an already existing bram fungus. Soldiers 
wbo have penetrating fractures of the slcull never should be taken 
above an altitude of \2 000 feet (see also p. 32 ) An unconsciom 
patient should be placed on ha nde. m a position in which breathing 
is free. 

ttOUNDS or SCALP 

First Aid and Emergency Treatment 

Scalp wounds may be small insignificant cuts or they may be 
extensive, jagged, dirty lacerations of almost any use. Hemorrhage 
may be severe, especially m association with wounds of the tempor a l 
and occipltnl regions. Most men wbo have purely tcalp wounds will 
be able to make their own way back to the battahon aid station 
but if there has been considerable laceration, with hemorrhage, they 
may have to be carried in. Those in this latter class should bo sent 
bock to a place in which fluids can bo replaced as rapidly as possible. 

To most scalp wounds merclj’ a dressing should be applied at 
the first-aid post This should be. preferably, of vaselined gauze, or 
stcnle iTiseluie can be put on the wound and then dry gtuie can 
be applied over this. Another excellent dressing « gauze soaked in an 
on> solution of N N-dJChloroazodicarbonamidine (azochloramld) 
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at more frequent mtervals If there is the slightest evidence of cough- 
ing or chokmg on swallowmg, it is advisable to pass a rubber tube 
through the nose and down mto the stomach and to feed the patient 
through this tube The tube can be strapped to the cheek and left 
in place for days at a time, and it should be retamed until the patient 
can swallow well If breathing is embarrassed by oral secretions, the 
foot of the bed should be raised, the secretions then dnbble out of 
the mouth or they can be removed by suction if such is available 

Treatment of Shock 

A small hypodermic mjection of morphine (% to % gram or 0 008 
to 0 0 1 gm ) should, as a rule, be the first therapeutic measure It 
must be remembered, however, that the effects of morphme may 
mask symptoms of mcreased mtracramal pressure, and also that they 
may depress the central mechanism of respiration to a dangerous 
degree, nevertheless, small amounts of this drug, given judicially, 
are often beneficial. Later, at the time of operation, larger doses of 
morphme to % gram or 0 016 to 0 02 gm ) are well tolerated. 

Further methods of combatmg shock mclude quiet so far as 
this IS obtamable, warmth, the contmuous mtravenous dnp of physio- 
logic salme solution, or mtravenous admmistration of plasma and 
transfusions of blood Prolonged treatment for shock m the presence 
of cranial wounds, however, is usually unwise It is of the utmost 
importance to get patients to a station where a complete operation 
can be done, with primary closure of the wound These operations 
can be performed with the patient under the influence of local anes- 
thesia with morphme, consequently, the patient can be warmed and 
given fluids durmg the course of the operation. 

Delirium and Convulsions 

These may be present m any case of serious head woimd, and 
they should be combated by such sedative measures as the admin- 
istration of luminal sodium (1% to 3 grams or 0 1 to 0 2 gm ) m- 
travenously, of chloral hydrate (20 to 30 grains or 1 3 to 2 gm ) by 
mouth or rectum, or phenobarbital (1% to 3 grains or 0 1 to 0 2 gm ) 
by mouth if the patient is conscious When patients are unmanage- 
able, fairly large doses may be required Small doses of morphine 
(% gram or 0 01 gm ) also may be used 

Multiple Wounds 

Careful exammation always should be made for wounds m all 
parts of the body, as well as for multiple head wounds 
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(ST37), or a 1 3000 aqueoiu solution of axochloramuL All wounds 
should bo freoly imgated wTth wram physiologic saline solution. The 
dirty edge* of the wound are then excised, excmon extending down 
thr mtgh galca and periosteum, if these structure* have been involved 
and are contaminated. It is unnecessary to remove more tha n the 
merest edge of the contused scalp Sometime* the missile will have 
cut through the penosteum and made a slight groove m the bone If 
the roentgenogram shows no de p res se d fragments of the inner table 
under this area treatment may be that of a simple scalp wound. Ex 
cition of a dirty portion of scalp and underlying tissues should be car 
ried out en bloc and the instruments used for this should be discarded. 

Wound Closure — After cleensmg and dibndement as described 
Immediately previously the wound, if operated on within twelve 
hours of infliction, should be closed completely with fine silk when 
possible, with one layer buned in the galea and a second layer placed 
in the ikm. Before closure, suIfaruJanude powder should be dusted 
into tbe wound. 

If d6fandement of the wound ha* taken place more than twelve 
hours after infliction, primary closure can be undertaken if obvious 
infection u not present end if tbe patient can be kept under observa- 
tion by the surgeon for several days. If tbe patient is to be evacuated 
immediately the wound should be packed widely open, either with 
stenie vaseline over which is placed dry gatixe, or with some form 
of mildly antiseptic ointment SaJ/amJamJde or su/faf/daso/e powder 
should be used m tbe wound. 

WOUNDS ACCOMPANIED DV SKULL FRACTTUBE WITHOUT PENETRA 
TION OF DURA 

First Aid and Emergency Treatment 

It IS not always possible at forward dressing stations to distinguish 
wounds of this type from purely scalp wounds or from those accom 
panied by dural penetratjon. In any case, tr ea tm ent should bo similar 
to that of scalp wounds, so for as dretsmg is concerned. Men who 
have sustained wounds of this nature, as a rule, exhibit the results 
of a more serious Injury that is, some degree of shock, imconsdous- 
nets, or partial loss of consciousness, and many give neurologic evi- 
dence of damage to the brain — poralj'sis, aphasia, temporary hemi 
anopsia, and so forth. It is essential to transport men with this type of 
wound bock to a place in which they can be operated on whh as little 
delay as possible since complete recovery may be looked for m the 
vast inajont> of cases In which careful dibndement can be per 
formed within twel\‘e hours after the patients were wounded. Some 
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Placing of dry gauze next to a raw surface never is advisable * If 
hemorrhage is a factor it can be controlled with tight packing and 
bandagmg Occasionally it may be necessary to place a hemostat 
on the bleedmg vessel and leave it there If time serves, the more 
simple t3T3es of scalp wounds might be cleansed thoroughly with 
soap and water, the hair clipped or shaved away around the lacera- 
tion and a clean, vaselme and gauze dressmg applied after usmg 
sulfanilamide powder m the wound Before clipping or shavmg, the 
wound should be packed lightly with gauze, to keep the hairs and 
dirt out of the wound 

Definitive Treatment 

Wounded men ordmanly should arrive at stations where definitive 
treatment can be earned out withm four to twelve hours after bemg 
wounded (see also p 30) It is here that thorough and complete 
debridement of all wounds should be done, so far as it proves to be 
possible In times of stress, the wounds of such patients as need im- 
mediate or urgent attention should be treated first and all others 
in order of expediency 

Inspection of Wound — Every scalp wound, no matter how tnflmg, 
may be a penetrating wound of the skull Many penetrating wounds 
are encountered among walkmg wounded men For this reason all 
scalp wounds should be mspected with the greatest care and the 
whole head should be shaved if there is any possibility of multiple 
or possibly penetratmg wounds In case there is a suspicion of the 
latter, roentgenograms of the whole skull should be made so that 
the exammers can be perfectly sure as to fracture or retention of a 
foreign body Some men who appear merely to have scalp wounds 
will show evidences of contusion of the bram A neurologic examma- 
tion should be made m these cases and the salient features recorded 
on the man’s emergency medical tag 

Operative Procedures — ^Wounds which prove to be purely m- 
junes of the scalp should be thoroughly washed with soap and water 
A considerable area around the wound should be shaved and pre- 
pared with 70 per cent alcohol and 1 1000 solution of bichloride of 
mercury, or with iodine and alcohol The wounded region should then 
be infiltrated with a solution of 1 per cent procaine hydrochloride, to 
each ounce (30 cc ) of which 3 drops of epinephrine solution, 1 1000, 
has been added The wound itself is next cleaned with a solution of 
either bichloride of mercury 1 1000, full-strength hexylresorcinol 

If definitive treatment is to be earned out within a few hours, it is permis* 
Bible to use some form of sulfonamide powder and dry gauze on a scalp wound 
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(ST37) or a 1 3000 aqueoiu tolution of axochloranud. All wounds 
■botild be freely nugated with warm physiologic saline solubon. The 
duty edges of the wound are then escised, excision extending down 
through galea and penoitoum, if these structures have been involved 
anH are contaminated. It is unnecessary to remove more than tbe 
merest edge of the contused scalp. Sometimes the missile will have 
cut through the periosteum and made a slight groove m the bone. If 
tbe roentgenogram shows no depressed fragments of the inner table 
under tha area treatment may be that of a simple scalp wound. £x 
ctring of a dirty portion of scalp and underlying tissues should be car 
ned out en bloc and the instruments used for this should be discarded. 

Woiszxi Closure — After cleansing nnH debridement as described 
imm ediately p reviously tbe wound, if operated on withm twelve 
hours of infliction, should be closed completely with fine silk when 
possible, with one layer buned in the galea and a second layer placed 
in tbe «Wiri- Before closure, suUaiulatrado pawdor should be dusted 
into the wound. 

If debridement of the wound has taken place more than twelve 
hours after inflictioo, primary closure can be undertaken if obvious 
infection ts not present and If tbe patient can be kept under observe 
tlon by the surgeon for several days. If tbe patient is to be evacuated 
immediately tbe wound should be packed widely open, either with 
sterile vaseline over which is placed dry gauze, or with some form 
of mildly antiseptic ointm ent StilionilBinido or stHfertbiasole powder 
should be used m the wound. 

WOUNDS ACCOMPANIED BY SKULL FRACTUKE WITHOUT PENETRA 
TION OP DURA 

First Aid and Emergency Treatment 

It IS not always possible at forward dressing stations to distmguiih 
wounds of this type from purely scalp wounds or from those accom 
psnied by dural penetration. In any case, treatment should be similar 
to that of scalp wounds, so far as dr essin g is concerned. Men who 
have suitamed wounds of this nature, as a rule, exhibit tbe results 
of a more serious mjury that is, some degree of shock, unconscious- 
ness, or partial loss of consciousness, and many give neurologic evi- 
dence of damage to the brain — paralysis, aphasia, temporary Kmgl 
anopsia, and so forth. It is essential to transport men with this type of 
wound back to a place in which they can bo operated on with as little 
delay as possible, since complete recovery may bo looked for in the 
vast majority of cases m whidi careful debridement can be per 
formed within twelve hours after tbe patients were wounded. Some 
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of the wounded men m this category will be capable of bemg evacu- 
ated sittmg m an ambulance or airplane but the more seriously m- 
jured will need to be earned on stretchers 

Serious hemorrhage must be checked by the use of a pressure 
bandage after vaseline and gauze have been applied to the wound 
Here again, if there is tune to do so, careful shavmg of the area 
about the woimd before dressmg will prevent subsequent infection 
to some extent, but nothmg should be done to the broken bone even 
when it IS visible Stdfamlamide powder should be used m the wound 
If he is m a state of shock, the patient should be covered with 
blankets and given hot-water bottles and a hot drink if conscious, 
and evacuation should be earned out with the greatest possible care 
and gentleness If shock is profound it may be necessary to delay 
evacuation for an hour or two, if the wounded man can be put m 
a qmet, warm place Too long a delay, however, is not justified, smee 
early debndement is of prime importance 

Definitive Treatment 

Men who still give evidence of a fauly marked degree of shock 
should contmue to be treated for this, perhaps m a special ward, 
hut, or tent for this purpose, but it is to be reiterated that treatment 
for shock never should be contmued beyond the tune when primary 
debndement and closure should be done, except under the most 
extraordmary cucumstances. 

After shavmg the whole head (if this was not done as a fixst-aid 
measure), and mspectmg it for other wounds, stereoscopic lateral 
roentgenograms, together with anteropostenor and postero-anterior or 
tangential roentgenograms, should be made so that the extent of 
fracture and the extent of depression of any fragment can be ascer- 
tamed. A brief neurologic exammation should then be made to de- 
termme to what degree there has been contusion or other damage 
to the bram It is important to know the neurologic status of a pa- 
tient, because the exammer may be guided by such knowledge as 
to what IS to be done at operation or as to what may have to be 
done subsequently The patient is now ready for operation 

Types of Woimds — Gunshot fractures of the skull without pene- 
tration of the diua are essentially of two types First are the tan- 
gential wounds, which plough through the scalp and glance off the 
bone These cut a long furrow m the scalp, large or small, smooth 
or rough, according to the size and shape of the missile The outer 
table may or may not be fractured, but the mner table usually is 
broken up to some extent and the fragments depress the dura Second 
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are the woundi inflicted wben a ipent penetrate* the tcalp 

and indent* the bone, a* m a blow from a blont mitrument ni*- 
tained In civfl life, maUng the to-called pand-^hapod depretaod free 
hire. Sometime* the mitnle will bo found to bo lodged in the bone 
Itielf. 

Operahre Procedures. — Operation* for either of the foregoing 
type* of fra ctur e vary lomewhat according to the extent and dlrtine** 
of the tcalp wound, and according to the character of depreesion of 
the inner table. Proerdne h y d r ochloride with epmephrute as m scalp 
wounds, is the preferable enestbetic agent almost always it is 
sufficient unless the patient n extremely unruly A hsrpodennic in 
iechon of morphine to ^ grain or OJ)08 to 0016 gm.) should 
precede the operation by a half hour 

Extensive Wounds. — If the scalp wound is extensive, with much 
laceration, *md therefore debridement is difficult, it is probable that 
the bone likewise will be considerably broken up. In this case 
rt will be better to take out all the depressed fragment* of bone and 
leave them out, doing primary suture, of course, if operation has 
taken place less than twelve hours after the wotmd was received 
Agam, the local use of tuUenSaxmde powder is important 

SucHT Depression wtthout Contamination beneath the 
Bone. — ^When wounds are small and fairly clean it is often possible 
to do much less than this. The contaminated scalp and penosteum are 
cut away carefully end the mstniments with which this was done are 
discarded A bur opening is then made just outside the depressed 
region and the dura is ex po sed over a Tnall area. A smooth, bhint in 
ftniment can then bo introduced between dura anH bone with thu it 
can bo ascertained whether any spicules ore protruding through the 
dura. If not it may be possible to elevate the de pr e sse d bone by press- 
ing outward with the instrument. If this is possible nothing further 
need be done except cloture of the scalp in the usual way This 
method should be used only when depression is sh^it and when the 
turgeon a sure there is no contamination beneath the bone. 

Extensive Depression wixuour Severe Contamination. — ^I f 
the depression is extensive, several bur hole* can be made aroimd 
it and from these the depressed bone can be elevated as just de- 
scribed, or it can be taken out en bloc. If the bone has not been 
badly contaminated, it may be advantageous to replace several of 
the perfectly clean fragments and then cany out primary closure 
of the scalp (see also p. 39) Such a procedure will obviate the 
leaving behind of a large bony defect which might have to be filled 
m later 
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Inspection for Dural Penetration — ^The surgeon must al- 
ways make sure that dural penetration either has or has not occurred 
m these fractures, by feelmg with a blunt mstrument or by takmg 
out the depressed portion and mspectmg the dura if there is doubt 
concemmg such an occurrence, because the evidence disclosed m 
even the best roentgenograms is not always conclusive on this pomt 

Depression with Severe Contamination — In some types of 
depressed fracture, even though the dura has not been pierced, both 
the outer and mner tables will be found to be broken up and con- 
tammated badly with dirt, hair, bits of clothing, and so forth In 
such cases, not only the scalp and periosteum, but also the whole 
portion of mvolved bone, must be taken out completely and no at- 
tempt at any replacement of bone should be made For removal, 
several bur holes are made around the depression and these open- 
mgs are connected with each other by means of a cuttmg forceps 
such as a Montenovesi mstrument Thus, the piece mvolved can be 
lifted out en bloc, without contammation of other structures, Agam, 
primary closure is mdicated if the wound is less than twelve hours 
old Free irrigation of all these wounds with physiologic salme solu- 
tion durmg operation is most essential, and before closure suliantla- 
rmde powder should be used locally 

Removal of Clot — It is m the type of mjury under discussion 
that the quesbon arises occasionally as to whether or not the dura 
should be opened for evacuation of an underlymg clot or for removal 
of contused, softened, and devitalized brain tissue Neurologically, 
such patients often give evidence of considerable damage to the 
bram or of the results of pressure on the mvolved portion. A much 
more rapid and more satisfactory recovery will follow if clots of this 
land can be removed at operation but the danger of mfection is so 
great that ordinarily the risk should not be taken, even with wounds 
seen withm the period of twelve hours However, when neurologic 
signs and the region visualized at operation, together with evidence 
of considerably mcreased mtracranial pressure, pomt to a large 
clot which m itself endangers life, then the dura should be opened, 
the clot evacuated, and the dura resutured Resuture of the dura 
should be earned out with the greatest care, to achieve accurate 
approximation, with fine silk sutures on round, curved ‘French” 
needles Pnmary closure of the scalp is mdicated if the previously 
defined time mterval has not been exceeded. The dura never should 
be opened by those who are inexperienced m neurosurgical pro- 
cedures 
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Tr^tawni edter Lapse oi Twenty Four to Savanty-Two Hours . — 
When wounded p>enoni arrive, after a lapte of twenty four to levcnty 
two boun, at ttatlona where definitive treatment is given, there will 
ahnoet never be any occasion to treat for shock (lee also p. 32 ) The 
man either vdll have died from shock or will have recovered from 
it Neurologic examination and roentgenograms of the skull are first 
m order follow^ by thavmg of the whole head, inspection of the 
wound, and careful search for other wounds which may have been 
covered with hair 

Operative Procedures, — Again, procame hydrochloride with 
epinephrine is the anesthetic agent of choice, but after a lapse of 
from one to three days, with wounds infected and perhaps the be- 
ginning of general infection, more patients are unruly or mtolerant of 
operations performed under local anesthesia, and anesthesia with 
ether or avertm and ether will bo necessary more often than it was at 
carher operations. Even so, the majority of operations can be done 
under procaine with the judicious use oi morpYdne as an adjunct 

Unless the use of suUardlarrude prevents infection, skull fractures 
from gunshot without penetratiao of the dura should be treated as 
infected wounds. The dirty portion of scalp and penoateum is first 
cut away and radiating incisions are made from the wotmd in order 
to get good exposure of the depressed portion. The scalp flaps axe 
spread by means of self retauung retractors. The depressed area 
is surrounded by bur boles hhH excised en bloc, in the same way as 
was described just prevkmily However no fragments of bone should 
ever bo replaced, and the wound should be left widely open. The 
dura should not be opened at the site of the wound (see also p. 39) 
If an underlying clot is present, or circumstances render decompres- 
sion n e c ess ary it should be done on the oppo si te tide. If the clot 
still endangers life in spite of the decompression earned out on the 
oppjofite side, it may in rare instances have to be evacuated after the 
rest of the w^Dund has been packed off and the dura has been washed 
with full-strength heiylresorcinol (ST37) or other similar antiseptic 
solution- Under these conditions the dura should be closed n gam, but 
the rest of the wround should be left widely open, by pecking lightly 
with vasellned gause, or better still by the placing of thin gutta 
percha tissue next to the surface of the wound, and then gauie above 
the gutta percha. SultenBeimde powder always should be used locally 
Id these wounds. SuHethiaxole powder may bo used on the scalp and 
bone but should never come Into contact with the brain (see abo 
p. 196) 
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WOUNDS ACCOMPANIED BY PENETRATION OF DURA 

The Four Types 

Under this heading will be considered the four principal tj^Des 
of penetrating wounds 

1. Dura slightly punctured 

2. Dura widely tom, fragments of bone, with or without metallic 
foreign bodies, deeply mdnven. 

3 Through-and-through (perforatmg) wounds 

4 Craniofacial wounds (mvolving air sinuses) 

First Aid and Emergency Treatment 

For all types of penetratmg wounds the treatment is similar at 
the battahon aid station A dressmg of vasehne and gauze should 
be applied, as to the less serious wounds, no attempt bemg made 
to carry out any type of treatment of the fracture itself unless loose, 
superficial fragments of bone are found which can be picked out 
easily 

Men who have penetratmg woimds are frequently m a condition 
of serious shock and this must be combated at once by the usual 
methods — a hot drink (tea), hot-water bottles, warm blankets, and 
a quiet place if one can be found Rapid, but gentle evacuation to the 
nearest station at which permanent treatment can be instituted is 
of the utmost importance Judicious use of morphine and, if the pa- 
tient IS conscious, a cigarette, sometimes are comfortmg and sooth- 
mg The same can be said of a drachm (4 cc ) or two of brandy 
m hot tea Agam it should be emphasized that prolonged treat- 
ment for shock is unnecessary and imdesirable m the presence of 
cranial mjuries The importance of gettmg the patients back to a 
station at which a complete operation can be performed is great 

Definitive Treatment 

It IS at surgical or evacuation hospitals that most of the serious 
operations will be done unless transportation by air can be utilized 
on a large scale to take wounded men directly and quickly to gen- 
eral hospitals It IS therefore appropriate at this point, before much 
IS written about these most frequent and most serious of head wounds, 
to mclude something about operatmg-room facilities, anesthesia, and 
general arrangements for the seriously wounded 

Tent or Hut Hospitals in Field — If they are m a forward area, 
the wounded persons will be brought to the hospital by ambulance 

* These latter were recommended by Dr Daniel E Pugh, an Amencan who 
served with a British battalion in the war of 1914-1918 
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There ■KrwiM be a receiving tent or hut, as the case may be, at which 
there is a medical officer who distributes the wo und ed men to the 
various units (to be mentioned) according to their general condition. 
From the receiving station, patients who are in a conditioo of serious 
shock should be sent to a resuscitation ward (tent or hut), which- 
ever the case may be. Here patients should be treated intensively 
(or their general condition — such measures being used as the mtra — 
venous administration of fluid or plasma and transf usion of blood — as 
well as for shock, with the methods already mentioned. Under no 
bowevcT, should men bo allowed to stay in this ward 
beyond the time limit during which they could have been operated 
on tyj could have their wounds closed by primary suture. There 
is never any necessity for such delay and the danger to their hves 
IS greater If they are not operated on whhm the twelve-hour limit 

B the danger from their condition of shock. It should bo noted 
here that to those not with mjunes to the head, patients 

who have sustained gunshot wounds of the brain may appear to be 
m ■ state of shodc when m reahty they are suffering merely from 
increasing mtracraniat pressure. In other words, they tnay be un 
conscious or semiconsaous, with rapid pulse and clammy skin, rapid 
or stertorous breathing, and pupils winch do not react to light Such 
pstienti, if they can be saved at all, are m immediate and urgent 
need of redaction of mtracramal pressure by operation, therefore, to 
treat them for shock not only is unwarranted but robs them of theu 
one chance of re co v er y 

Freopera/fvo TFard —Wounded p er sons , other than those in a 
state of shock, should be sent to a " p ieo p er atJv e* ward (tent or hut) 
where they can bo examined from the neurologic itandpomt and 
where the salient points of such an examination ran be noted on 
their emergency medical tag or on a brief history sheet. A simple 
way to carry out such a procedure « to have some form of blank 
book with carbon paper available so that the original record 
bo kept and the duplicate can be sent on m the soldier’s field envelope. 
In this preoperative ward, also, clothing can bo removed, a sponge 
bath can bo given, and the patient can be made ready for operation 
in any other way nece ss ary 

Operatsni-Room Arrangements. — It is well to bear in mind the 
consideration that in war a large number of casualties often may 
have to be cared for in as hncf a tune as possible. Thu u particularly 
true when it is advaablo to accomplish thorough debridement and 
primary closure. Everything therefore that facihtates the handling 
o! patients without loss of time is of the utmost importance. For 
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this purpose it would be advantageous if one or more extra tables 
could be placed m the operating tent or hut These need be only 
simple wire frame or wooden tables, not elaborate operating tables 
In fact, even the latter should be as simple as possible, with arrange- 
ments for only an extension head rest for patients bemg operated on 
m the cerebellar position, and some simple device for raismg and 
lowering the head of the table Square sandbags measunng 8 by 8 
inches (about 20 cm ) should be available to place under the pa- 
tient’s head The reason for the extra table or tables is that patients 
can be “fed m,” so to speak, without loss of time Thus, while one 
patient is being operated on, another patient on one of the extra 
tables can be having his head shaved and, on still a second extra 
table, a patient whose head already has been shaved can be given 
preliminary treatment by infiltration of the operative area with pro- 
caine hydrochloride by the surgeon, who has dropped out of the 
preceding operation while his assistant is making the closure The 
patient then simply is lifted over to the operating table This pro- 
cedure eliminates much loss of time in sendmg for and brmging 
patients from the resuscitation and preoperabve wards or tents Ar- 
rangements similar to this one were utilized during the war of 1914- 
1918 at forward areas in the British service, and were found to be 
highly satisfactory 

Anesthesia — ^Under previous sections mention has been made of 
procaine hydrochloride as the anesthetic agent of choice m the treat- 
ment of gunshot woimds of the skull and bram In the war of 1914- 
1918 this was the consensus of the outstandmg neurologic surgeons 
of the time and, from all aspects, it would seem stall to be the most 
useful anesthetic The advantages of procaine hydrochloride (with the 
addition of 1*1000 solution of epinephrine m the amount of 3 to 6 
drops per ounce [30 cc ] of procame) are as follows Hemorrhage 
from the scalp is mmimal because of the action of the epinephnne 
Local anesthesia encourages delicate handling of tissues, a feature of 
extreme importance at any tame and particularly in operatang on the 
brain There is no need of hurry and hence no urge to hurry when 
a patient is under anesthesia with procame hydrochloride, and for 
this reason thorough and complete debridement is encouraged. The 
importance of this point caimot be overestimated, smce the success 
of operation m the presence of gunshot wounds depends on the re- 
moval of all foreign material Dunng an operation under procaine 
the patient often can cooperate with the surgeon Other factors in 
favor of anesthesia produced with procaine hydrochlonde are its 
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safety the easy poatoperafave courao of the patient, and the fact that 
a trained anesthetist is not always necessary 

In tpeolong of anesthesia, however it must be understood that 
although hydrochloride probably is the most useful agent, 

orwH should be utihied more than any other there are obviously 
times when general anetihesfa will have to be employed. Some pa 
tienti tuSering from multiple wounds which have to be treated cer 
tamly general anesthesia and certain patients with wounds 

of the head will be entirely unruly or too highly keyed up to make 
possible the use of a local anesthetic agenL Under these orcum 
Ktftnryt ether, pentothal sodium, or such other gen era l anesthetic 
agents, as the surgeon nnd the anesthetist may choose, will have to 
be administered. 

The iudiaous use of n > or ph£fie as an adjunct to local anesthesia 
a of the utmost help. An initial dose of ^ to ^ gram (0 0 16 to 0 02 
gm.) g iv e n one-half hour before operation and small doses grain 
or ODl gm.) repeated m tbe course of the operation add materially 
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to the comfort of both patient and surgeon, and enhance the effect of 
pnacame hydrochloride to a remarkable degree. 

Operative Procedures. Dura Sliohtly Punctured. — ^Wounds of 
this nature C^'^g. 2) wherem a spicule of bone from the mner table 
has pierced the dura, should be treated in general as simple de p re sse d 
fractures are treated. This means careful debridement of scalp and 
periosteum after which radial mctsions (two or three) should be 
made to extend out from the wound in such manner as to obtain good 
exposure on the bony area. In these cases the portion of bone m 
volved should be removed en bloc by the usual method of making 
bur holes around the area and connecting these with cutting forceps. 
If tbe dura has sustained only one or two small punctures, nothing 
need be done except secure closure of the scalp Occasionally even 
some of the fragments of bone can be replaced if they are clean. If 
there is any doubt as to cleanliness, however this never should be 
done If the dura is considerably tom it maj be necessary to flush out 
softened bram or superficial clots b> means of gentle imgabon with 
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this purpose it would be advantageous if one or more extra tables 
could be placed m the operating tent or hut. These need be only 
simple wire frame or wooden tables, not elaborate operatmg tables 
In fact, even the latter should be as simple as possible, with arrange- 
ments for only an extension head rest for patients bemg operated on 
m the cerebellar position, and some simple device for raismg and 
lowering the head of the table Square sandbags measuring 8 by 8 
mches (about 20 cm ) should be available to place under the pa- 
tient’s head The reason for the extra table or tables is that patients 
can be “fed m,” so to speak, without loss of time Thus, while one 
patient is bemg operated on, another pafaent on one of the extra 
tables can be havmg his head shaved and, on still a second extra 
table, a patient whose head already has been shaved can be given 
prelimmary treatment by infiltration of the operative area with pro- 
came hydrochloride by the surgeon, who has dropped out of the 
precedmg operation while his assistant is making the closure The 
patient then simply is lifted over to the operatmg table This pro- 
cedure elimmates much loss of time in sendmg for and brmgmg 
patients from the resusmtation and preoperative wards or tents Ar- 
rangements similar to this one were utilized durmg the war of 1914- 
1918 at forward areas m the British service, and were foimd to be 
highly satisfactory 

Anesthesia — ^Under previous sections mention has been made of 
procaine hydrochloride as the anesthetic agent of choice m the treat- 
ment of gunshot wounds of the skull and bram In the war of 1914— 
1918 this was the consensus of the outstandmg neurologic surgeons 
of the time and, from all aspects, it would seem still to be the most 
useful anesthetic The advantages of procame hydrochloride (with the 
addition of 1 1000 solution of epinephrine m the amount of 3 to 6 
drops per ounce [30 cc ] of procaine) are as follows Hemorrhage 
from the scalp is mmimal because of the action of the epmephrme 
Local anesthesia encourages delicate handlmg of tissues, a feature of 
extreme importance at any time and particularly m operatmg on the 
brain There is no need of hurry and hence no urge to hurry when 
a patient is imder anesthesia with procame hydrochloride, and for 
this reason thorough and complete debridement is encouraged- The 
importance of this pomt cannot be overestimated, smce the success 
of operation m the presence of gunshot wounds depends on the re- 
moval of all foreign material Durmg an operation under procame 
the patient often can cooperate with the surgeon Other factors m 
favor of anesthesia produced with procame hydrochloride are its 
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wound of entranco and a much laqic^ wound of exit (Fig. 5) The 
other of the two ii perhaps the more fatal and it that In which 
the roJtaile hat entered and paased through one of the an* amuse* and 
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then penetrated the brain, the great <h£Bculty m toch a case being the 
continuation of infectioa (Fig. 6) It u possible that the g i v ing of 
inlfamlanude may lessen greatly the baxards of such woxmda. 
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1 The Prinapal Surgical Problem, — -The surgical problem in- 
volved in all these mjune* is essentially the same- namely careful, 
painstaking, and complete removal of all foreign material in the brain 
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warm saline solution The ordinary glass syringe with a rubber bulb 
on one end is the most useful mstrument for this purpose No frag- 
ments of bone ever should be replaced if the dura is considerably tom 
Dura Widely Torn and Fragments of Bone with or with- 
out Metallic or Other Foreign Bodies Driven Deeply into 
Brain. — Under this heading are grouped the most senous and yet 
extremely frequent types of gunshot wounds of the brain There 
IS considerable variation in their extent and severity, depending on 
the t3q)e and size of the missile, and the manner and force with which 
it has struck the skull Thus large, open wounds of the gutter type 
may occur, in which the missile has ploughed through scalp and bone, 
showering fragments of bone to any depth in the bram at right angles 
to its course (Fig 3 ) Small or large portions of bram often will be 

Local contiLsion severe, and ex- 
trusion of brain almost inevi- 
table Fungus cerebri, encepha- 
litis, etc , common sequels 
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Fig 3 — a. Diagrammatic sketch of “gutter” wound with shower of indriven 
bone fragments, b, gutter wound before and after operation (after Cushing Bnt, 
J Surg) 

found extrudmg from these wotmds The fragments of bone may he 
fairly superficially withm the bram or they may be driven down 
mto or through one of the ventricles or even to the opposite hemi- 
sphere Obviously, ventricular penetration increases the hazard of 
such mjunes 

Other frequent penetratmg wounds are those m which a missile 
has been driven mto the skull through a relatively small hole and 
has lodged somewhere m the bram, along with fragments of bone, 
hair, clothmg, and the like, which it has carried with it ^Fig 4 ) Two 
other t3q3es of penetratmg woimds will be taken up under their own 
headmg (see p 27 ) and are mentioned here only because of the prob- 
lem presented by fragments One of these is the wotmd m which 
the missile has passed completely through the head, causing a small 
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wound of entrance and a much larger wound of exit (Fig. 5) The 
other of the two ii perbapa th© more fatal and U that m which 
the mitrile has entered and pa*»ed through one of the air airaa*# and 
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then penetrated the beam, the great difficulty m fuch a caae being the 
continuatloo of mfection (Fig. 6) It u postible that the gi v i ng of 
tulfanflaniide may lessen greatly the haxarda of rucb wounda. 
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L The Principal Surgical Problem^ — The aurgical problem in- 
volved in all theie inhnie* is e*»entially the aame namely careful, 
painstalong, and complete removal of all foreign material in the brain 
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warm saline solution The ordinary glass syringe with a rubber bulb 
on one end is the most useful instrument for this purpose No frag- 
ments of bone ever should be replaced if the dura is considerably tom 
Dura Widely Torn and Fragments of Bone with or with- 
out Metallic or Other Foreign Bodies Driven Deeply into 
Brain — ^Under this heading are grouped the most serious and yet 
extremely frequent t3q3es of gunshot wounds of the bram There 
IS considerable variation m their extent and severity, dependmg on 
the type and size of the missile, and the manner and force with which 
it has struck the skull. Thus large, open wounds of the gutter type 
may occur, m which the missile has ploughed through scalp and bone, 
showermg fragments of bone to any depth m the bram at nght angles 
to its course (Fig 3) Small or large portions of bram often will be 
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Fig. 3 — a. Diagrammatic sketch of “gutter” wound with shower of indriven 
bone fragments, b, gutter wound before and after operation (after Cushing Bnt. 
J Surg ) 

found extrudmg from these wounds The fragments of bone may he 
fairly superficially withm the bram or they may be driven down 
mto or through one of the ventricles or even to the opposite hemi- 
sphere Obviously, ventricular penetration mcreases the hazard of 
such mj lines 

Other frequent penetratmg wounds are those m which a missile 
has been dnven mto the skull through a relatively small hole and 
has lodged somewhere m the bram, along with fragments of bone, 
hair, clothmg, and the like, which it has earned with it (Fig 4) Two 
other types of penetratmg wounds will be taken up imder their own 
headmg (see p 27) and are mentioned here only because of the prob- 
lem presented by fragments One of these is the wound m which 
the missile has passed completely through the head, causmg a small 
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wound of entrance and a much larger wound of exit (Fig. 5) The 
other of the two a perbap* the more fatal and is that m which 
the mioiJe ba» entered and pa»ed through one of the wr emrnee and 
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then pexMtrated the brain« the great difficulty in tuch a eoae being the 
continuation of infectioD (Fig. 6) It is possible that the g ivin g of 
•ulfanilamtde may lessen greatly the barards of ruch wounds. 
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, Principal Surgical Problenu — The surgical problem in- 

u injuries Is essentially the tame namely carefoL 

pom*taiiT,g_ ,jj(j complete removal of all foreign material m the brain 
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after usual debridement of the outer tissues, scalp, periosteum, and 
skull There is one exception to this deeply indriven metallic foreign 
bodies If these are not fairly easily accessible it is better to leave 
them than to inflict additional damage to the brain by trying to get 
them out. Metallic fragments of small size are surprisingly well tol- 
erated This IS particularly true of the small metal splinters which 
frequently are showered into the brain from an explodmg bomb 
Such multiple small fragments almost never require operative re- 
moval All other material, bone, clothing, dirt, hair, clots, and dis- 
organized portions of brain should be removed by the methods to 
be described, 

2 Excision of Scalp Wound — The scalp wound, whether it is 
large or small, should be completely excised, excision extending as 
far as normal tissue and also down through the periosteum to the 
skull It should be emphasized again, however, that only the least 
possible amount of contused scalp should be removed The instru- 
ments used for this should then be discarded Next, radiating mci- 
sions are made in the scalp in such a manner that the skin can be 
retracted and the area of fractured skull can be widely exposed 
Useful types of incisions, as demonstrated in the last war, are the 
“tripod” incisions which run at suitable angles from the excised scalp 
wound These usually can be swung one way or another at the end 
of the operation, so that the wound can be closed completely unless 
it IS very large In such cases, if closure is desired, some form of plas- 
tic operation should be devised, so that a clean portion of unbroken 
skull remains exposed except for its covering of periosteum. 

3 Excision of Skull Wounds — On exposure of the perforation 
in the skull by retraction of the scalp flaps, several bur holes are 
made around the area of bone penetration with either a hand per- 
forator and bur or some form of motor-driven instrument These 
bur openings are connected by the use of a bone-cutting forceps, such 
as the Montenovesi mstrument. The block of bone can then be lifted 
out intact and the skull wound thus can be excised, just as was done 
m the case of superficial wounds (Fig 7) 

4 Cleansing and Debridement of Tract m Brain — Within the 
brain, at this stage, there remains the contused and contaminated 
tract of the missile or fragments of bone, which have been indnven, 
together with such other foreign matter as has been earned in 

In the war of 1914-1918 it was found best to clean out this tract 
by the methods then available without enlargement of the dural 
opening, and to confine all procedures to the tract itself If strong 
suction and electrosurgical apparatus are not available, this procedure 
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wotild ftiU be the method of choice. The patient (ai a rule) having 
been given local enertbeiia, he n atked to cough or ftraia Thi» 
tends to force softened or “pulped" bram, clots, and sometimes other 
material out through the dural opeidng, and these can then be washed 
away by imgation. Next, a soft rubber catheter, to which Is attached 
a glass syringe with a rubber bulb, a gently mtroduced through the 
dural opening and, when pressure on the rubber bulb is released, 
jjortions of softened brain, clots, and sometimes small bits of bone 



Pic- 7 — Expovnr* of fractm cod rvatoral «o bloc by ber op«nliica and entUot 
fortvpa (after Cashlii(i from Bomx! Caxiad. MJLJ ) 

are sucked up into the catheter through its eye. The catheter is 
then withdrawn and its contents ore expressed into a suitable hfiwg 
Thii process is repeated time after time, m order to cli-Hin out the 
tract tborou^y and the suction is alternated with very gentle ir 
ngation with physiologic salme solution (Fig. 8) The catheter like- 
wise is used for palpation of bony fragments along the tract and, 
when these have been located, they are grasped by a delicate aHh 
gator forceps and withdrawn. In this way the metallic fragment also 
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may be palpated, usually it will be found to he at the bottom of 
the tract and it too can be withdrawn with forceps or by magneti- 
zation. Magnetization is accomplished by the introduction of a round- 
ended nail, 3 to 5 mches (about 7 5 to 13 cm ) long, into the tract 
until the end of the nail is m contact with the metal A strong elec- 
tromagnet IS then brought up to the head of the nail, and on with- 
drawal of the magnet and the nail, the foreign body often will be 
withdrawn also 

Cleansmg of the tract produced m deeply penetrating wounds 
IS a long, slow, painstakmg process, but the success of the opera- 
tion depends on its thoroughness The number of fragments of bone 
indriven should be ascertained as nearly accurately as possible by 
the previous makmg of roentgenograms and every fragment should 
be removed if it is at all possible It is remammg fragments of bone, 



Fig 8 — Method of cleaning tract xn brain by suction from a catheter and irriga- 
tion (after Cushing Bnt. M J ) 

and other material, such as clothmg, which constitute the cause of 
subsequent mfecbon and abscess more often than metalhc foreign 
bodies In the cleanmg out of most of the serious wounds of the type 
described an average of two hours was required as a rule, even by 
the most expenenced surgeons 

Under modem conditions, provided strong suction apparatus and 
an electrosurgical unit are at hand, it is my behef that a much 
more rapid and probably far more complete debridement of the 
dirty tract in the bram can be accomplished than formerly was pos- 
sible * Debridement of scalp and bone with such instruments would 
be the same as previously described. If the tract m the bram is situ- 
ated m one of the large “silent” areas, it is now possible to foresee 
much more radical debridement This would mclude electrosurgical 

* A neurosurgeon, recently returned from England, said that the method 
about to be described has been tried there with excellent results 
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excttion around the region of dural penetration and similar Incision 
of the cortex outside the dirty tract Then with a combination of 
strong suction and electrocoagulation, a core of brain tissue including 
the tract could bo excised, either staying outside the tract m normal 
brain tissue, or starting out m normal tissue and then mtroducing 
spatulas for retraction. With a metal suction tube, to which the 
coagulating curr ent is kept apphed, the whole contents of the tract 
could be tucked out cleanly under actual vision (Figs. 9 10) Frag- 
ments of bone either could bo caught up with the sucker and with 
drawn, or could bo teen and removed with forceps. The same would 
bo true of other foreign matter such at clothing, dirt, a n d hair Prob- 



Fit- 9— ExcUoa oi tract cad ramoral ^ foralgs matarljJ tmdar diract 
vWoQ hj tha fM of stroBC coctlon and dactrocoasolatjoD (aftar Horrax 
MAJ) 

ably by this method, most metallic foreign bodies could be seen 
•nd extracted unless they had been driven over to the opposite hemi 
sphere or to too great a distance otherwise. It would seem that by 
these moans an operation of about an hour’s length foe each patient 
would be sufficient, and that the number of wounded men wbo could 
be treated m the same time as was required by the older methods 
would be thus doubled, probably with fewer sequelae because of 
more complete debridement. 

Whatever method is used, if operation has taken place within 
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twelve hours of the infliction of the wound, after the local use of 
sulianilamide powder primary closure should be performed If in- 
fection begins, as evidenced by local and general disturbances, the 
wound should be opened widely and the hemiatmg brain should 
be covered with gutta-percha, cellophane, or rubber tissue 

5 Postoperative Observation — Since the condition of patients 
who have been operated on for serious wounds of the brain must 
be watched carefully for complications, it, is essential that no matter 
where they are operated on they should be able to remam there for 
at least two weeks If, therefore, the type of warfare current or other 



Fig 10 — Introduction of spatulas on both sides of tract, clots, fragments of 
bone, and metallic foreign bodies are removed by suction under direct vision 
( after Horrax Canad M A J ) 

conditions are such that this is not possible it is far better to send 
soldiers who have penetrating wounds of the brain directly to a 
station where postoperative observation can be carried out. During 
transportation, treatment with sulfanilamide should be mamtamed 
to prevent mfection, so far as possible (see also p 9) Some very 
seriously injured patients with rapidly rising intracranial pressure 
may have to be operated on at forward stations to save their lives, 
even though they have to be evacuated very shortly thereafter These 
patients, of course, certamly would die if they were not treated 
promptly, and would imder no circumstances live to reach a general 
hospital unless transportation by air were available 
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Through Ain>-THROUQH (Perforatino) Wounds and Cranio- 
facial Wounds (iNVOLViNa Air Sinuses) (tee aUo p. 20) — Two 
of penetratiiig woimdi wcto mentioned at the beginning of 
tha lection to these further reference ibotild bo made. They are 
the thmirgh- ffn A- tbr nneh OT perforating wounds, which traverse some 
portion of the cranial chamber and the craniofacial wounds, which 
mvolve both the brain and one of the contiguous air smosea. Both 
types of wounds are likely to bo immediately fatal, so that not many 
of them are seen either at evacuation or general hospitals. Nonfatal 
wounds of the first type usually are caused b> rifle or m ach m e-gun 
bullets rather than by fragments of shell or bomb, and therefore the 
resulting wounds are less likely to be complicated by foreign matter 
carried in with the rnissUe. Some patients who have througb-and 
through bullet wounds mdeed recover without any operation at all, 
but if they are seen at a station where major operations can be per 
formed the best practice ts to excise both the entrance and exit 
wounds in the usual way, and to clean out the tract from each end 
to far as is practicable. 

Crerdotedal wotmds are extremely serious because they must 
always be left open, and eventual infection n almost mevitable unless, 
now that the drugs are available, it can be overcome by the adminis- 
tration of one of the sulfonamides locally and by mouth. Little can 
be dona other than to clean out the wound as thorouidily as possible, 
and In the cose of wounds Involving the frontal sinus, to take out 
the lacerated and contaminated portion of mucous membrane. Often 
these wounds will have involved one eye or even both eyes, in which 
case it is necessary to exenterate the ocular remnants. The brain 
should be protected from the open imus by the placing of rubber 
or gutta-percha tasuo over It and then by the packing of gauxo over 
the tissue. Vaselmed gauxo may be used instead of rubber tissue. 
Occasionally it may be wise to close the wound when it is i)Ossible 
to do so, leaving a drain in place from the dfibnded portion down 
through the frontal smus and out the nose (Cone) 

Treatment of Wounds Later than Twelve Hours after Injury 
Formation of Ftmim Cerehrt — ^When patients with the types 
of wounds under discussion amvo at stations for definitive treat 
ment, after a lapse of ei^toen to seventy two hours, the wound must 
bo loft widely open at the sito of the injury This means a fungus 
cerebri of greater or less proportiocs will develop, and entails the 
ereatest of care, for many days or even weeks, with meticulous 
dressing. 
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twelve hours of the infliction of the wound, after the local use of 
suUanilamide powder primary closure should be performed If in- 
fection begins, as evidenced by local and general disturbances, the 
wound should be opened widely and the herniating brain should 
be covered with gutta-percha, cellophane, or rubber tissue. 

5 Postoperative Observation — Since the condition of patients 
who have been operated on for serious wounds of the bram must 
be watched carefully for complications, it, is essential that no matter 
where they are operated on they should be able to remam there for 
at least two weeks If, therefore, the type of warfare current or other 



Fig 10 — Introduction of spatulas on both sides of tract, clots, fragments of 
bone, and metallic foreign bodies are removed by suction under direct vision 
(after Horrax Canad MAJ) 

conditions are such that this is not possible it is far better to send 
soldiers who have penetrating wounds of the bram directly to a 
station where postoperative observation can be carried out Durmg 
transportation, treatment with sulfanilamide should be mamtamed 
to prevent mfection, so far as possible (see also p 9) Some very 
seriously mjured patients with rapidly rising intracranial pressure 
may have to be operated on at forward stations to save their lives, 
even though they have to be evacuated very shortly thereafter These 
patients, of course, certainly would die if they were not treated 
promptly, and would under no circumstances live to reach a general 
hospital unless transportation by air were available 



GUNSHOT AND OTHER INJURIES OF SCALP SKULL AND BRAIN 29 

dominantly of the nonpenetraUng ^pe. Some, of cour*© will be pene- 
trating m nature. 

Tbe ejtabllibed pnndplea of treatment of bead mjiinei evolved 
during the past two decades from a vast experience in the manage- 
ment of many thousands of victims of transportation and mdustrial 
ecodenti will find ready application m tbe medical care of similar 
mjuries produced m modem war The treatment of such mjunes 
will resolve itself mto tbe primary care of the individual patient, 
whether soldier or civilian, at or near the place of injury, with trans- 
portation to, and later care at, some station or hospital m which 
adequate faolitiet are provided for any major surgical procedure, 

FIRST AID CARE ^ 

Early Care and Transportation 

The early treatment of the individual must of necessity be die 
tated to a constderabla extent by the exigencies of tbe military ntua- 
don. The patient should be brought to the first-aid post as promptly 
as possible so that the treatment of open wounds can be instituted 
early The patient should be tra n sported (see also pp. 9 and 32) if 
possible, with due regard to any serious associated injuries and par 
ticularly those of the spinal column. Should there be evidence of 
obstruction o! the amvayt (see also p. 7) by the accumulation of 
mucus, the patient had best be trans p or t ed m the prone or setmprone 
position. 

Shock 

At the first-aid station it should be determined whether the patient 
ts m a state of shock (see p. 8) Shock, however frequently is not 
present when the injury is confined to the head. In treatment of shock, 
bodily Warmth should be maintained, fluids should be Infused intra- 
venously and perhaps blood should be transfused. External bemor 
rbage if not arrested by a pressure bomiage can be controlled by the 
temporary application of hemostnts or Michel dip# to the bleedmg 
scalp The wound, if superficial, should b© irrigated with salme solution 
and a bandage reapplied. The head should bo kept lowered imtU the 
patient responds from shock. Progre ss m the treatment of mn 

be determined by repeated blood-pressure estimations. A systolic 
blood pressure of 100 or more indicates the patient is not In severe 
shock. 

Record 

A record (see also p. 4) should be made as early as possible, 
noting the approximate time of Injury the gron evidence of injury 
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Postoperative Care — On completion of the operation, if “tri- 
pod” incisions have been used, the peripheral parts of these mcisions 
may be partially closed, but the wound over the central portions, 
where the bram had been penetrated by the missile and where the 
bone was removed, must be left entirely open Gutta-percha is by 
far the best material to use directly over the open part of the wound, 
and the usual gauze bandage is placed on this If gutta-percha is 
lackmg, any smooth material such as cellophane or vasehned gauze 
may be used. As the fungus develops it must be kept carefully covered 
with gutta-percha at each dressing, the gutta-percha bemg kept also 
between the herniation and edges of the scalp so that the two will 
not adhere and thus pocket the infection If the fungus becomes 
large, as it often does m the presence of extensive wounds, pressure 
should be kept away from it by the placing of a “doughnut” nng of 
cotton around it, over the gutta-percha, and then the gauze dressing, 
as usual Gradually, the surface of the fungus will granulate and, 
as epithelization begms to cover it over from the edges, it will recede 
mto the cranial cavity naturally, if edema of the brain due to con- 
^ued mfection is not present. This, however, may be a matter of 
many days. Repeated lumbar puncture probably is of some help 
throughout this course of fungus formation, granulation, and reces- 
sion but, in spite of such punctures, most of these late woimds will 
proceed through the aforementioned course 

The surgeon should not be discouraged, even when he encounters 
extremely extensive and badly infected wounds Many patients, of 
course, will die, but many likewise can be saved by careful and 
thorough operation, followed by painstaking, persistent dressmg, 
treatment of complications, and the use of sulfonamides Agam it 
should be mentioned that sulfanilamide powder should be used lo- 
cally m all penetratmg wounds, but that sulfathiazole powder is con- 
tramdicated on the cortex, as it may induce convulsions 

HEAD INJURIES OTHER THAN THOSE CAUSED 
BY GUNSHOT OR SHELL 

A major activity of modem warfare is aerial bombmg of cities 
and towns m the belligerent covmtries, and the victims of such at- 
tack are likely to be noncombatants, mcludmg men, women, and chil- 
dren. The crashmg of buildmgs and overtummg of passenger trans- 
portation xmits by high explosives and the collision of automobiles 
during blackouts are important features of modem warfare which 
will inevitably produce serious head and associated mjunes, pre- 
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be e n added 3 drop* of cpmephnno 1 1000 to the oucce (30 cc.) of 
toltrtion. Local aneathetia with or without aedabve* u preferred In 
all operations for head trauma. If the patient a restlesa and can 
not bo controlled with timpler drugs it may bo necetsary to supple- 
ment the local anesthesia with recta/ /riZ>romof/iy/ alcohol in amyleno 
hydrate (avertm) which is preferred to ether because of the ten- 
dency of inhalation anesthesia to raise intracranial tension. Mechan- 
ical disinfection of the scalp v.*ound a far superior to chemical stenl 
nation, but fuUanHamtde or tulfathiatole powt/or should be used m 
the wound freely as they have been shown to have an extremely 
beneficial effect* Large quantities of sodium chloride or Ringer’s 
solution are used to cleanse the laceration. The edges of the contused 
laceration should be excised for a distance of about ^ inch (less t h a n 
OJ cm.) and all xmderlymg macerated tissue such as will be found in 
the temporal and occipital regions, removed. The wound is again 
freely imgated and the scalp closed In two layers with fine interrupted 
silk sutures for the galea and ikm. Drainage is usually unnecessary 
In extensive scalp lacerations which may be partly contused and 
partly avulsed, debridement should bo re s tri cted to the contused part 
of the laceration. Lines of finger pr e ssu re ebng the edges of the wound 
are usually effective m the control of hemorrhage during d6bndement 
Hemorrhage from scalp wounds, especxatly those of the t e mp or a l and 
occipital rej^oas, is often profuse and every effort should b© made in 
the repair of the laceration to keep the loss of blood at a minimum. 
In severe laceration of the scalp blood transfunon may be required. 

The SkuD 

The skull beneath the laceration should be Inspected and care- 
fully palpated for fracture as toon as the wound is imgated and 
before procaine Is injected Into the scalp. Treatment is unnecessary 
for a linettr /ractiiro beneath a laceration of the scalp unless inspection 
discloses debris or hair in the line of fracture. In such a case the 
contammated Ime of fracture should be removed under conditions 
favorable for cranial operations. Should there be more senous open 
wounds of the head such as a compotjnd depr esj ecf fracture with 
e^tiiivKsation of brain tissue, the wound should bo thoroughly ir 
ligated and a stenlo dressing applied until the patient cho be trans- 
ferred to more adequate operating facilities. Because of the proba 
bility of producing hemorrhage, no effort should be made to remove 
forcibly any fragment of bone unleaa the patient haa been placed 
under adequate facilitiet for complete operation. Patients with head 
• Sm bottoHtt of 15 atnd 190. 
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the presence or absence of shock, state of consciousness, pulse, res- 
piration, condition of the pupils, whether there is hemorrhage from 
the cranial orifices, and gross signs of focal bram injury, such as weak- 
ness or paralysis of the extremities. This record should accompany 
the patient throughout his treatment 

If the patient with an open wound has not had prophylactic 
tetanus toxoid he should be given 1500 units of tetanus antitoxin and 
this recorded on his emergency medical tag 

History of the patient with respect to the state of consciousness 
IS of the greatest importance It is desirable to know whether the 
patient became unconscious immediately on receivmg the mjury or 
whether he later became stuporous and finally unconscious Indica- 
tions pomtmg to middle menmgeal hemorrhage may be supplied by 
knowmg whether a lucid mterval followed the mjury with later m- 
creasmg stupor and the development of unconsciousness The most 
stnkmg smgle effect of head trauma is the production of unconscious- 
ness If immediate and transitory, the unconsciousness is due to cere- 
bral concussion If unconsciousness is prolonged it is mdicative of 
contusion or laceration of bram tissue with or without mtracranial 
hemorrhage An intracranial hematoma (see pp 45-48) is the most 
likely explanation of imconsciousness developmg some time after the 
mjury is mflicted 

Restlessness 

If the patient is restless he should be given 3 to 5 grams (0 2 to 
0 3 gm ) of sodium phenobarbital mtramuscularly or mtravenously, 
paraldehyde, 2 to 3 drachms (8 to 12 cc ) per rectum, codeine, 
34 gram (0 032 gm ), or occasionally small doses of morphine h 3 T) 0 - 
dermically (not more than 34 gram or 0 008 gm ) The last usually has 
distinct disadvantages m the treatment of patients with gross injury 
to the bram, due to its depressmg effect on the respiratory mechanism, 
and IS usually contramdicated 

The Scalp 

Lacerations of the scalp should be treated as early as possible, but 
control of hemorrhage, together with apphcation of vaselme and a 
gauze dressmg, is about all that can be done at the first-aid station 
Early disinfection and suture of scalp wounds are to be desired, pref- 
erably withm twelve hours Delayed repair of lacerations of the scalp 
IS justified only by necessity The scalp should be shaved for about 
3 mches (7 or 8 cm ) eqmdistant from all parts of the laceration 
lodme and alcohol are used to disinfect the surroundmg scalp and 
this area infiltrated with 1 per cent procaine solution to which has 
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been added 3 dropi of epmephnne 1 1000 to the ounce (30 cc.) of 
•olution. Local aneitlieaia with or without aedativei is preferred in 
all operations for head trauma. If the patient u restless and can 
not be controlled with sunpler drugs it may be necessary to supple- 
ment the local anesthesia wth nctal tribromethyl alcohol m amylene 
hydrate (avertm) which ts preferred to ether because of the ten 
dency of inhalation anesthesia to rabo mtra cranial tension. Mechan- 
ical disinfection of the scalp wound u far superior to chemical stenl 
lifltion, but tvlittrdlaxmde or gvltathiaxoto powder should be used In 
the wound freely as they have been shown to have an extremely 
beneficial effect.* Large quantities of sodium chloride or Rmger’s 
solution are used to cleanse the laceration. The edges of the contused 
laceration should be excised for a distance of about % inch (less than 
0 j cm.) and all underlying macerated tissue such as will bo found in 
the t empo r al and occipital regions, removed. The wound is again 
freely irrigated and the scalp closed m two layers with fine in t er r upted 
silk sutures for the galea and skin. Drsmsge is usually unnecessary 

In extensive scalp lacerations which may be partly contused and 
partly avulsed, dibridement should be restricted to the contused part 
of the laceratioa l^es of finger pressure along the edges of the wound 
are usually effective in the control of hemorrhage during d^bndement 
Hemorrhage from scalp wounds, especially those of the temporal and 
occipital regions, is often profuse and every effort should bo made in 
the repair of the laceration to keep the loss of blood at a minimum. 
In severe laceration of the scalp blood transfusion may bo required. 

The SlcuU 

The skull beneath the laceration should be inspected and care- 
fully palpated for fracture as soon as the wound is imgated nnH 
before procaine a injected into the scalp. Treatment is unnecessary 
for a linear /racfuro beneath a laceration of the scalp imlew inspection 
discloses debris or hair m the hue of fracture. In such a the 
contaminated Imo of fracture should be removed imder conditions 
favorable for cranial operations. Should there be more senous open 
wounds of the bead such as a compound depressed /recfure with 
extravasation of brain tissue the wound should be thoroughly ir 
ligated and a sterile dressing applied until the patient can bo trans- 
ferred to more adequate operating facilities. Because of the proba- 
bility of producing hemorr^e, no effort should bo made to remove 
fortably any fragment of bone unless the patient has been placed 
under adequate facilities for complete operation. Patients with bead 

• botlooM of p«(«s 15 «ad 196. 
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injury, unless m a state of shock, tolerate transportation well and this 
should be borne in mind so that there is no undue delay in trans- 
ferring such patients to a station or hospital where complete surgical 
treatment can be provided Patients with open wounds of the brain 
do not tolerate air transportation at high altitudes well (see also p 

9 ) 

MANAGEMENT AT STATIONS FOR DEFINITIVE TREATMENT 
Diagnosis and General Care 

As soon as the patient’s general condition permits, a careful study 
of the effects of the injury should be made. This study is essential to 
the management of patients with closed as well as open head mjuries 
The presence or absence of shock should be determined by repeated 
blood pressure readings and treatment instituted if shock is present 
Shock will probably not be a factor after twelve to twenty-four hours 
from the time of injury (see also p 15) The state of consciousness 
should be determined As long as the patient’s state of consciousness 
IS only slightly disturbed and he can be easily aroused by stimulation, 
one feels that he is withstanding at least fairly well the primary effects 
of his brain injury A most careful search for associated injuries must 
be made. The association of fracture of the cervical portion of the 
spinal column with trauma to the head and injury to the upper part 
of the arm or shoulder girdle is frequent and should be kept in mind 
m the transportation and subsequent investigation in these cases 
Roentgenologic examination of the cervical spine should be routine 
in cases of combined head and shoulder injuries 

Temperature, Pulse, and Respiration 

A careful record of temperature, pulse, and respiration in acute 
head mjury is of greatest importance to indicate not only the severity 
of the injury but the progress of the patient Temperature of 102° F 
or less indicates a moderately severe injury Temperature of more 
than 103° F is indicative of a severe lesion, usually with widespread 
damage to brain tissue Fluctuating temperature is often found in 
mjuries of the brain stem 

A slow pulse mdicates that the patient’s compensation for his brain 
injury is adequate A rate of 50 to 60 beats per minute is not un- 
common for some time after simple concussion Elevated mtracranial 
pressure may cause increased pulse rate when the limits of com- 
pensation have been reached and with the increasing pulse rate there 
is a fall in blood pressure, indicating that medullary structures have 
been senously impaired. 
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A r^intory rate of 10 to 12 per minute is not necessarily sig 
nificant of clanger provided the pulse rate is not unduly low and the 
patient’s state of consdousnesi is not being progressively impairecL 
Intracranial clot often causes a progressive decrease in pulse and 
re spira tory rate with deepening stupor and other signs indicating 
severe com p re ssi on Rapid, noisy irregular respiration usually m 
dicates a fatal terminaticm. 

Nenrologlc Study 

Pupnitry C/iantfes. — Study of the eyegrounds m acute head mjury 
is of little value but repeated eiaminatlcm of the pupils may furnish 
important information with reference to the diagnosis of intracranial 
clots. Immediate dilatation of one pupil may bo caused by fracrture 
of the base of the skull with injury to the third cranial nerve. Later 
dilataticm may be associated with an intracranial clot which is more 
frequently on the side of the dilated pupil. The use of mydriatic drugs 
in cases of acute head iniury not only is of no value but will prevent 
the making of most important observations relating to pupillary 
changes. To determme pupillary changes promptly, examin ations 
should be made frequently as long as ti^e patient’s condhion is in 
doubt Puced and dilated pupils almost invariably indicate a fatal 
tenmnatiotu 

Aphasia, Weakness, ParalyslM RaSex Changes.-— >The neurologic 
examination should determine, if possible, evidence of aphasia, weak 
ness or paralysis of the face or extremities, reflex cdianges, and the 
presence or absence of pathologic reflexes. Patients who have aphasia 
often give the impression of being more deeply unconsdoui than they 
actually are. It is usually a simple matter to determine whether 
aphasia is present Such a patient is likely to have weakness of the 
right arm, and painful stimulation of aphasic patients usually will 
cause movement of the left arm, exclusively m efforts at protection. 
Severe lesions of the brain stem frequently show in addition to con- 
tinued profoimd unconsaousnesi, ngns of bilateral mvolvement such 
as spasticity of the legs and a bilateral Babinsld slga There may bo 
waves of spasticity m which the patient assumes, with considerable 
force, postures of dec er eb ra te ngldi^ 

Convtilsions . — General or Jacksonian convulnons sometimes occur 
m acute head mjury the latter being more common in deprotted frac 
tinea over the motor area. Convulsions may bo controlled with 3 to 
5 grains (0.2 to 0.3 gm.) of Bodkxm pbanobarbitaJ injected intramus- 
cularly or with paraldehyde 2 to 3 drachms (8 to 12 gm.) admlnis- 
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tered per rectum Occasionally, inhalations of ether may be necessary 
to control continued frequent seizures 

Bleeding or Escape of Cerebrospinal Fluid — ^Bleeding, or the 
escape of cerebrospinal fluid, from the ear is evidence of laceration 
of the dura by a fracture of the base of the skull. In severe burstmg 
fractures in this region there may be escape of brain tissue through 
the auditory canal In such cases the patients nearly always die 
Bleedmg from the nose is significant of fracture of the base of the 
skull, if it IS not due to local injury. The escape of cerebrospmal 
fluid from the nose after hemorrhage is proof of an openmg into 
the memngeal spaces caused by basal fracture When evidence 
pomts to an openmg of the meninges by fracture of the base 
of the skull, sulfanilamide or one of its derivatives should be given 
promptly Hemorrhage from the ear is rarely profuse, and no treat- 
ment IS required except cleansmg of the external canal and auricle 
with alcohol and covering of the ear with a sterile dressmg Not m- 
frequently there is a collection of blood m the middle ear, and this 
may become mfected, givmg rise to otitis media and mastoiditis. In 
the presence of a compound fracture through the petrous portion of 
the temporal bone, the development of otitis media or mastoiditis 
places the patient m great danger of meningitis 

In bleeding or leakmg of cerebrospinal fluid from the nose, local 
apphcations to the nasal passages, packing, and intranasal douches 
used m an effort to prevent mfection m cases of fracture of the base 
are not only futile but harmfuL The development of menmgitis will 
depend almost entirely on whether or not the fractured smus through 
which the fluid is escapmg is mfected, although the prognosis in this 
respect has been greatly improved by chemotherapy 

Lumbar Puncture — ^This has been widely used m diagnosis and 
treatment of head mjunes The mam purpose of lumbar puncture 
m the diagnosis is to determme the degree of mtracranial pressure 
and whether or not there is blood m the cerebrospmal fluid. It is 
of no value m determming the pressure unless the pressure is meas- 
ured with a manometer The Ayer water manometer is most useful 
for this purpose The seventy of the mtracranial lesion, however, 
cannot always be stated m terms of mtracranial pressure Many pa- 
tients with the most severe mjunes have a normal or even subnor- 
mal pressure, whereas others whose clmical condition shows progres- 
sive improvement may have persistent elevation of mtracranial 
pressure Bloody spmal fluid denotes an mtracranial lesion, but the 
evidence of such a lesion usually can be determmed by clinical study 
of the patient Lumbar puncture m the management of head injuries 
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h u»ful perhapi in 15 per cent of ca»e», to fupplement clinical »tudy 
and treatinenL It ii advocated for dtagnoM* a* toon as tymptoms 
of thock have dttappeared. The indication* for later treatment and 
the period of rest are largely conditioned by the mtracranlal pre*- 
ture, the pre te nce or absence of blood m the subarachnoid spaces 
and, most important of all, by the clinical study of the patient. 

ParaSytcs o/ CrtuuaJ Nerves . — These are not uncommon m asso- 
ciation with fracture of the base of the slculL Reference hat been 
made to injury of the third cranial nerve and the importance of study 
of the inequality of the pupils m the early stage* of the mjury The 
seventh, sixth and third cranial nerves are the one* most frequently 
mvolved in fracture of the base of the skulL Spontaneous recovery t* 
the rule, although there arc exceptions. It is important to distingutsh 
facial paralysis of the peripheral type caused by fracture through the 
petrous portion of the temporal bone from facial paralysi* due to 
contusion of the bram or an intracranial clot 

Battles Sign 

Ecchymosis about the mastoid region or e3re, commg on some 
hours after injury Is indicative of fracture of the middle or ante- 
rior fossa of the skull, and must not be tt>nfused edth contusion caused 
by local trauma. Such ecchymom about the mastoid region long has 
been known as *Sattle s sign.* 

Roentgenographic Examination 

Roentgenogrsphic examination should be made of all patients 
with a history of unconsdoutnen, but such examination should not 
be done while the patient n in a state of shock or extreme restlessness. 
Much valuable tnne u often tost in attempts to get roentgenograms 
of deluious patients. Roentgenograms are useless unless they are per 
feet If they teem essential, at a time when the pabent cannot co- 
operate, he should be quieted by an mtraveflous injection of sodium 
eripal or peniothel sodium (3 grains or Ojl gm.) If there are no 
external evidence* of fracture, the malnn g r jjf roentgenogram* often 
can be delayed profitably Roentgenograms are of great importance 
for patient* suspected of having extradural hemorrhage, since this 
coodibem rarely occur* without a fracture over the trunk of the 
middle meninge*! artery or one of Its branches. They are of 
value in the study of depressed fractures of the skulL Roentgeno- 
graphic study of bead mjunes, except those of the most minor type, 
should be routine but it should be used with neither exaggeration 
nor depreciation of it* value. 
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General Management 

Closed Injuries — A large majority of head injuries in which there 
IS no open wound do not require operation. The treatment of closed 
head mjuries without depressed fracture and without mtracranial 
hematoma will resolve itself into one of medical management and 
competent nursing care It is desirable that the patient be kept in 
quiet surroundings Restlessness, which often accompanies severe 
head injuries and particularly those in which subarachnoid hem- 
orrhage occurs, may be treated by phenobarbital (1% to 3 grains 
or 0 1 to 0 2 gm by mouth), bromides (20 to 30 grains or 1 3 to 2 
gm by mouth or rectum), chloral hydrate (20 to 30 grains or 13 to 
2 gm by mouth or rectum), or, when restlessness is severe, with 
paraldehyde (3 to 6 drachms or 12 to 24 cc by rectum) The last is 
a very effective sedative agent. 

Unconscious Patients — ^The head of the bed of the unconscious 
patient may be elevated unless he is in a state of shock or obstruc- 
tion of the airways is developing because of accumulation of bron- 
chial secretions If there is respiratory difficulty or evidence of 
pulmonary complications, the foot of the bed should be elevated 
from 10 to 15 mches (25 to 38 cm ) and the patient turned to the lat- 
eral prone position. This posture will promote drainage of bronchial 
secretion and reduce the intracranial tension resulting from cyanosis 
caused by respiratory obstruction. Secretions accumulatmg in the 
oral cavity should be removed with the suction apparatus The foot 
of the bed may be elevated for from one to two hours, the resultmg 
position can be alternated with the horizontal position in accordance 
with the necessities of the case 

Nutrition of unconscious patients or those with disturbance of 
deglutition must be mamtained by nasal feedmg A small tube may 
be left m place and strapped to the cheek with adhesive tape Neces- 
sary medication can be given through the nasal tube Feeding by 
mouth should not be attempted until the patient can swallow with- 
out difficulty There should be no restriction of water Dehydra- 
tion m the management of acute head injuries fortunately has been 
almost abandoned. 

Subarachnoid Hemorrhage — ^Patients with subarachnoid hemor- 
rhage, a frequent result of head trauma, often have fever, are 
irritable, and complam of persistent headache In this type of case, 
lumbar puncture has its chief field of usefulness Should the measured 
spinal fluid pressure be elevated, sufficient fluid should be withdrawn 
to reduce the pressure to half its origmal level The Queckenstedt 
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test tbould ntfvw be used xn the diagnosi* or treatment of bead 
injune*. 

Central Edema . — Cerebral edema probably is a rather con 
tixtent effect of head trauma and may be associated wtth numerous 
punctate hemorrhages or with direct injury to brain tissue and Ultra 
cranial clots of any sixo It zs highly probable that m most cases 
In which severe symptoms are attributed to edema alone, the 
condition actually is a combination of edema plus intracranial hem- 
orrhage. Subtemporal decompression very rarely is ne ces sary for 
the rehef of cerebral edema. If high intracranial pressure is not due 
to hematoma it should be lowered by repeated lumbar puncture— 
every six hours if necessary Intravenous infurons of 100 cc. of a 
50 per cent solution of sucroia also are useful for this purpose. This 
solution, however has its chief usefulness in the temporary reduction 
of intracranial piressure while more effective means for permanent 
control of intracmnial tension are under way 

Intracranial Henx»rTha^e, — ^Patients who have been rendered un 
consdoui by head Injury should be kept under observation for at 
least a few days to determme whether intracranial hemorrhage 
has been produced. Those who have snore severe bead mjunes prob- 
ably will require hospitaUsation for from one to several months, 
depending on the type of mjury and the rapidity of convalescence. 
Many patients with apparently mild head mjunes may suffer from 
headache and other symptoms of the post traumabc syndrome. The 
possibility of development of subdural hematoma must bo kept in 
mmd, for this condition may be p re se nt m some of the patients who 
are thooidit to have post traumatic neurosis. Bilateral small bur open 
mgs placed over either temporopanetal region or a ventriculogram 
may bo necessary for the makmg of o precise diagnosis. 

Surglail Treatment 

The purposes of oporabon in the treatment of head injunci are 
(1) to prevent infection, (2) to elevate depressed fractures of the 
skull, (3) to remove intracranial clots, and (4) to reheve general 
pressure due to cerebral edema by subtemporal decompr e ssion (rarely 
required) 

Preverdioa of Infection. — Procedures for the prevention of infec 
tion are more frequently used than any other operation for head 
Injuries. The treatment of contused lacerations of the scalp has been 
discussed on page 31. If such treatment has been given at the first 
eld post, inspection of the wound should be made as soon as prac 
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General Management 

Closed Injuries — A large majority of head injuries m which there 
IS no open wound do not require operation. The treatment of closed 
head injuries without depressed fracture and without mtracranial 
hematoma will resolve itself mto one of medical management and 
competent nursmg care It is desirable that the patient be kept m 
quiet surroundings Restlessness, which often accompanies severe 
head m juries and particularly those m which subarachnoid hem- 
orrhage occurs, may be treated by phenobarbital (1% to 3 grains 
or 0 1 to 0 2 gm by mouth), bromides (20 to 30 grams or 1 3 to 2 
gm by mouth or rectum), chloral hydrate (20 to 30 grains or 1 3 to 
2 gm, by mouth or rectum), or, when restlessness is severe, with 
paraldehyde (3 to 6 drachms or 12 to 24 cc by rectum) The last is 
a very effective sedative agent 

Unconscious Patients — The head of the bed of the unconscious 
patient may be elevated unless he is in a state of shock or obstruc- 
tion of the airways is developmg because of accumulation of bron- 
chial secretions If there is respiratory difficulty or evidence of 
pulmonary complications, the foot of the bed should be elevated 
from 10 to 15 mches (25 to 38 cm ) and the patient turned to the lat- 
eral prone position. This posture will promote dramage of bronchial 
secretion and reduce the mtracranial tension resultmg from cyanosis 
caused by respiratory obstruction Secretions accumulatmg m the 
oral cavity should be removed with the suction apparatus The foot 
of the bed may be elevated for from one to two hours, the resultmg 
position can be alternated with the horizontal position m accordance 
with the necessities of the case 

Nutrition of imconscious patients or those with disturbance of 
deglutition must be mamtamed by nasal feedmg A small tube may 
be left m place and strapped to the cheek with adhesive tape Neces- 
sary medication can be given through the nasal tube Feedmg by 
mouth should not be attempted until the patient can swallow with- 
out difficulty There should be no restriction of water Dehydra- 
tion m the management of acute head injuries fortunately has been 
almost abandoned 

Subarachnoid Hemorrhage — ^Patients with subarachnoid hemor- 
rhage, a frequent result of head trauma, often have fever, are 
irritable, and complam of persistent headache In this tj^pe of case, 
lumbar pimcture has its chief field of usefulness Should the measured 
spmal fluid pressure be elevated, sufficient fluid should be withdrawn 
to reduce the pressure to half its origmal level The Queckenstedt 
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The diffiaion of the force of the impact has been reduced by the 
localixed giving way of the skull 

1, Anertbaia. — It is usually pontble to carry out surgical proce- 
dures for compound de p re ss ed fractures, as well as other operabom 
m the treatment of head Injuries, with the patient under the in 
6uence of local aneri/joua. For restless pabenti a combination of 
rectal tribromethyl alcohol in amylene hydrate (avertin) and local 
anesthesia, or avertin and ether may be required. Small doses of 
morpbme may be used after the preparations for operation are well 
under way 

2 The Scalp, — ^The scalp is prepared by shaving and dmnfectmg 
with alcohol and lodme, os previously described for the treatment 
of scalp lacerabcni. Chemical disinfection is not used in the wound, 
which should be cleansed with large quanbbes of salme solution. 
The edges of the wound are subjected to thorough debridement and 
the instruments used for this are discarded. It may be necessary 
to enlarge the scalp lacerabon by Lndsions to obtain good exposure 
of the underlying fracture. The scalp flaps are spread with self-re- 
taining retractors and the recesses of the wound are again irrigated. 
The fragments of bone may be locked in such a way as to prevent 
elevation if a trephme opening first is not made on the edge of the 
depression, with removal of a small portion of the depressed bone 
adjacent to the trephine opening. It then u usually possible to elevate 
the fragments without the emplc^mieot of much force. 

3 The Dura.— After elevation of the fragments, the dura is in- 
spected for laceration. In cases of marked depression of bone frag 
ments, even though dural laceration is not present, the dura may 
be opened for the purpose of removal of macerated brain tissue anrl 
blood clots, if the faaUbes are good for the carrying out of major 
operative procedures (see also p 15) This should be given especial 
consideration when the fracture overlies the motor area, where dam- 
aged brain tissue, If rt is allowed to remain, mcreases the prolifera- 
tion of scar tissue and the tendency to ward convulsioni. It should 
bo remembered, however that when the dura u opened, an important 
bamer to intracranial infection is removed, and unless the surgeon 
can bo reasonably sure the wound has been thoroughly disinfected, it 
IS better to leave the dura mtact If there has been Irttle contamina- 
tion of tile wound and the surgical treatment of the fracture is under 
taken withm the first ten to twelve hours, the fragments of bone often 
can be replaced (see also p 13) m the crani al defect after mechanical 
dlsinfect ian with rnigating solutions. In a few weeks these fragments 
become firmly fixed. AH wounds of this ch ara cter which have been 
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ticable after the admission of the patient to the hospital If the 
laceration has not been adequately treated and it appears to be m- 
fected, the wound should be treated as any other infected wound 
The rapidity with which infection develops vanes and debridement 
of some wounds may be successful as late as twenty-four hours or 
more after injury However, it is highly desirable that lacerations 
of the scalp be disinfected and closed within twelve hours after m- 
jury, whenever possible Emphasis agam is made on the importance 
of prompt and adequate treatment of scalp wounds, inasmuch as 
these lacerations, even without fracture of the skull, may lead to 
osteomyelitis, menmgitis, or mtracranial abscess Moreover, an m- 
fected scalp may prevent operative relief of an intracranial compli- 
cation which may develop later In cases of severe mfection of scalp 
lacerations, even without intracranial complication, the patient’s dis- 
abihty is greatly prolonged. The infected scalp laceration should 
be treated with sulfanilamide or sulfathiazole powder^ in addition 
to the usual dressmgs for such wounds. One or the other of these 
drugs likewise should be given by mouth (see also p 9) 

Contusion of the scalp may be followed by a large, painful 
hematoma If the overlying scalp has been abraded by the contusion, 
mfection of the hematoma may result Aspiration in many cases will 
remove the larger portion of the hematoma If the blood is clotted, 
evacuation by open mcision may be required A pressure bandage 
will prevent reformation. 

Compound Depressed Fractures of Vault — These cases should 
be divided mto two groups, those m which the dura has not been 
lacerated and those m which laceration of the dura has taken place 
Obviously, the incidence of serious mfection is higher m cases of com- 
pound fracture m which dura has been lacerated than in others 

Without Dural Laceration — Surgical treatment of compound 
fractures without dural laceration is designed to prevent mfection 
and to remove fragments of bone which may be exertmg localized 
pressure on the brain. The mam purpose of operation is to remove 
contammated tissue of the scalp and skull Patients who have com- 
poimd fractures of the skull without associated mjuries are rarely m 
a state of shock unless the fracture has been produced by violent 
force, affectmg an extensive area of the skulL Depressed fracture 
m which a relatively small area of the skull is mvolved has less 
diffusion of the concussion to remote regions of the brain, there- 
fore, it IS not imcommon to encoimter patients with depressed 
fractures, both simple and compound, who are entirely conscious 

* See also bottoms of pages 15 and 196 
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The diffiaion of the force of the impact has been reduced by the 
localized givin g way of the tkuIL 

L Ane*the*ia. — It is usually possible to carry out surgical proce- 
dures for compound de p re ss ed fractures, as well as other operations 
in the treatment of head injuries, with the patient under the in- 
fluence of local anesthma. For restless patients a combination of 
rectal tribromethyl alcohol in amylene hydrate (avertm) and local 
anesthesia, or avertm and ether may be required. Small doses of 
morphine may be used after the preparations for operation are well 
under way 

2 The Scalp. — ^Tbe scalp is prepared by shaving and disinfecting 
with alcohol and lodme, as previously described for the treatment 
of scalp lacerations. Chemical disinfection is not used m the wound, 
which should be cleansed with large quantities of salme solution. 
The edges of the wound are subjected to thorough dAbndement and 
the instruments used for this are discarded. It may bo necessary 
to enlarge the scalp laceration by incisions to obtain good exposure 
of the underlying fracture. The scalp flaps are spread with self re- 
taining retnetors end the recesses of the wound are again imgated. 
The fragments of bone may be locked m such a way as to prevent 
elevation if a trephine opening first is not made on the edge of the 
depression, w4th removal of a small portion of the de pr e sse d bone 
adjacent to the trephine opening. It then u usually possible to elevate 
the fragments without the employment of much force. 

3. The Dura. — After elevation of the fragments, the dura is xn- 
spected for laceration. In cases of marked depression of bone frag 
ments, even though dural Isceratum is not pres ent, the dura may 
bo opened for the purpose of removal of macerated brain tissue and 
blood clots, if the facihties are good for the carrying out of major 
operative procedures (see also p. J5) This should be given especial 
consideration when the fracture overlies the motor area, where dam 
aged brain tissue, if it Is allowed to remain, mcreases the prolifera 
tion of scar tissue nnrf the tendency t owar d convulsioni. It should 
bo remembered, however that when the dura ii opened, an important 
bomer to intracranial infection is removed, and unless the surgeon 
can be reasonably sure the wound has been thoroughly disinfected, it 
is better to leave the dura intact If there has been little contamina- 
tion of the wound and the surgical treatment of the fra ct ur e is under 
taken within the first ten to twelve hours, the fragments of bone often 
can bo replaced (see also p. 13) in the cranial defect after mechanical 
disinfect ^ w ith Imgating solutions. In a few weeks these fragments 
become firmly fixed. All wounds of this ch ara cter which have been 
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subjected to complete debridement withm twelve hours should be 
dusted with sulfanilamide or sulfathiazole powder-' and then closed 
without drainage, if the patient can be kept under observation by 
the surgeon for ten days or two weeks 

4 Fracture over Longitudmal Sinus — problem of considerable 
magnitude may be created by compound depressed fracture overlymg 
the longitudinal smus If elevation of the fragments is attempted in 
these cases, a method should be used in which the fragments are 
removed en bloc, so that if there has been penetration of the smus 
by a spicule of bone, the opening in the smus may be accessible 
immediately after removal of the depressed portion Bleedmg from 
this smus and other large venous sinuses may be controlled by ap- 
plymg a piece of muscle graft to the bleedmg pomt and holdmg 
it m position with the tip of the finger until it becomes adherent 
Bleedmg from a large dural smus may almost exsangumate the 
patient even before the operation is begun, and every effort should 
be made to control it promptly One or more transfusions of blood 
may be essential m such cases (see p 49) 

With Dural Laceration — Compound depressed fractures with 
laceration of the dura embody all the features of depressed frac- 
tures without dural laceration plus the vastly increased danger of 
serious mfectioru It is a matter of common observation that even if 
extensive fracture and the extravasation of bram tissue have occurred, 
the patient often is conscious The patients usually are not m a state 
of shock, provided that there are no important associated mjuries, 
or severe loss of blood has not occurred It is often possible therefore 
to operate on them withm the first few hours 

1. Surgical Principles — ^The mam purpose of operation is pre- 
vention of mfection and disablmg sequelae, and should aim at re- 
moval of all devitalized tissue of the scalp, bone, and bram Thorough 
dismfection of the entire wound is imperative Large quantities of 
irrigatmg solution are necessary, and a suction apparatus is almost 
mdispensable As m other types of open wounds, the laceration of 
the scalp should be thoroughly disinfected and enlarged when neces- 
sary for adequate exposure of the fracture In these cases it is as 
important to perform debridement and to dismfect the laceration of 
the bram as it is to remove fragments of bone Blood clots and ma- 
cerated bram tissue should be thoroughly removed down to the sur- 
roxmdmg normal bram tissue by irrigation and gentle suction m 
which a bent glass tube is used as a suction tip 

2 Hemostasis — ^Bleedmg vessels can be located by means of 
the lighted spatula and drawn up mto the tip of the suction tube 
* See also bottoms of pages 15 and 196 



GUNSHOT AND OTHER INJURIKS OF SCAU* AND BRAIN 41 

for coa£ulfltion with the electnmirgical unit. Complete hemoitari* 
m the woxmd of the brain ts essential. Hemorrhage from the bone 
ran be controlled by application of bone wax. Bleeding from the 
cerebral vessels usually a not profuse in these operations, but the 
procedure a tfane-consunung if thorough d^bndement, damfection, 
and careful hemostasis are carried out. 

3 Closure of Dura. — A large defect may result from the removal 
of damaged bram tissue and thi* should bo hlled with physiologic 
saline or Ringer’s solution beforo the dura is closed. Sullsnilajnide 
powder may be used outside the dura but its use beneath the dura 
IS inadvisable if an early complete operatioo has been done. The 
dura should be sutured tightly with siBc, and if the dural edges cannot 
bo approximated, the defect slaMild be repaired with a fascial trans- 
plant, which can be obtained from the galea or pencranium. 

4 Closure of Scalp, — ^Tho scalp is closed in two layers with in- 
terrupted hne sutures for both the galea and skm. Drainage 
usually is unnecessary although m some cases a ttnp of rubber tissue 
may be placed down to the dura but no form of drainage should 
be placed through the dura. Gause strips never should be packad 
m the brain to control bleeding. Fungus formabon and serious mfec 
hon tloiost invariably foUcTw such efforts at hemostasis. 

5 Chemotherapy — Thu is an important adjunct of tie a b n e nt in 
these caser the drugs should be pven orally or Intravenously as toon 
as the nature of the injury has been ascertained. The skm sutures 
should be removed on the third day and the p ostoper a tive treat 
ment conducted similarly to that of severe bead mjury without an 
open wound. Results of treatment of these severe injuries are almost 
uniformly good If adequate operation is done early 

Iv Seen Late.- — What has been said m the foregoing discussion 
regarding compound fractures of the skull concerns wounds which 
are seen early that is, up to twelve hours after the time of infliction. 
It Is possible, in tunes of stress especially that transportation may 
be delayed, and that patients will bo brought to the hospital for the 
treatment of their wounds anywhere from twelve hours to two or 
three days after being Injured. 

1 Without Dural Penetration. — In such cases, when depressed 
fractures without dxual penetration are pr es ent, the fragments should 
be removed and the wound loft partially or wholly open, and packed 
with vasolmed gauze or with gauze over gutta-percha tissue. Suf/a- 
nilaxidde or guilathUxoIe powder thould bo used locally m the wound. 
When the wound is clean, with granulation, it can bo closed sec 
ondanly or pinch grafts can be used. 
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2. With Dural Penetration. — ^In depressed fractures with dural 
penetration, the fragments of bone should be removed, and if there 
IS herniation of soft, infected bram tissue through the dural opemng, 
as there is likely to be, it should be sucked out imtil normal bram 
IS reached. The cavity is then packed widely open, again with gutta- 
percha or vaselmed gauze next to brain tissue; it is treated exactly 
as an abscess of the bram 

Frontal Fractures — Fractures of the frontal region m which 
one or both frontal sinuses are mvolved may necessitate removal 
of the mucous membrane of the sinus and packmg of the bony cavity 
with vaselmed gauze against the dura. In such cases, however, the 
dura should always, if possible, be closed tightly. If the smus frac- 
ture IS severe and extensive the mucous membrane should be re- 
moved, but if sinus mjury is slight, it is better to remove only the 
torn edges of membrane. 

Fractttres Involving Base of the Skull. — ^Fracture of the base of 
the skull may be diagnosed promptly if bleeding from the ears or 
nose occurs, but the escape of cerebrospmal fluid may not be rec- 
ognized imtil the bleedmg has ceased 

Significance of Leakage of Cerebrospinal Fluid — A leak of 
cerebrospmal fluid is a source of great danger to the patient It may 
persist for only a short time after mjury and require no surgical 
treatment This is perhaps true m most cases, m many of which 
the true condition is never recognized In persistent leakage of cere- 
brospmal fluid, when it is believed that the opening in the dura is 
accessible, an effort should be made to close the dural perforation 
Lacerations of the dura amenable to surgical repair usually are those 
adjacent to the frontal and anterior ethmoid sinuses Fracture through 
the sphenoid is said to occur m 50 per cent of basal fractures, many 
of which may produce leakage of cerebrospinal fluid through the 
nose, the source of which leakage is maccessible It is not always a 
simple matter to determme before operation whether it is possible 
to repair a dural laceration which is causing leakage of cerebrospmal 
flmd. It IS perhaps advisable to wait three days m all cases for spon- 
taneous closure of the dural fistula to occur, meanwhile relymg on 
chemotherapy for the prevention of menmgitis The general condi- 
tion of many patients who have leakage of cerebrospmal fluid may 
be too serious to permit performance of any type of cranial operation 
for closure of the leak. If there is a fracture of the frontal region ex- 
tendmg mto the posterior wall of the frontal sinus, it is probable that 
such a fracture m the majority of cases also extends through the 
cribriform plate of the ethmoid and it is from laceration of the dura 


GUNSHOT AND OTHER INJURIES OF SCALP SKULL, AND BRAIN 43 

over the ethmoid that the majority of leak* amenable to lurgical 
treatment occur Operation for closure of dural fistula u not requued 
when cerebrofpmal fluid leaks from the ear 

SiGKincAWCE OF AiR IN SUBARACHNOID SPACE. — ^Tho entrance 
of air into the subarachnoid space, ventricle or bram tissue is mdis- 
putable proof of a communication between the subarachnoid space 
and o ne of the bony smuses. Pneumocephalus can be diagnosed only 
by roentgenologic examination, and In cases of leakage of cerebro- 
spinal fluid, roentgenologic examination should be repeated to deter 
mine whether or not air is present Intracranially and if so, whether 
it IS mcreaimg or diminishing. The situation of the collection of 
air may determine the site of the dural laceration. If there is a com- 
pound fracture m the frontal region, with subsequent escape of cere- 
brospinal fluid for more than three days, search for the dural fistula 
may be made by exposure of the dura adjacent to the frontal tmus 
and anterior ethmoid sinuses. The dural perforation should be closed 
when possible with sutures or sealed with muscle graft. In cases 
in which there fci no fracture defect, a small frontal flap a necessary 
for exposure of the dural laceration. Whra a compound depressed 
frontal fracture is present, access to the dural laceration causing the 
leak can be obtained through the bone defect 

Intracerebral pneumocephalus Is a rare sequel of fracture of 
the base of the skull with laceration of the dura and subsequent 
cerebrospinal rhinorrbea. Evacuation of the intracerebral collection 
of air with closure of the dural defect usually is required. In some 
cases pneumocephalus can be eradicated by filling the air cyst with 
saline solution. A small osteoplastic flap is required for closure of the 
dural fistula, unless a bone defect resulting f rom the tr ea tm ent of 
a compound fracture already exists. 

Intracranial Hemotrba ^ — ^Tbere are two general types of intra 
cranial hemorrhage extradural and mtradural. Extradural hemor 
rhage almost invariably results from injury to the middle meningeal 
artery' in rare cases bleedmg is into the post e r i or fossa pnij ii caused 
by laceration of a venous sums. Intradural hemorrhage may bo sub- 
dural, subarachnoid, intracerebral, or intraventricular 

Extradural Hemorrhage. — Although extradural hemorrhage 
is not a frequent result of head trauma, it must be considered a pos- 
sibility in all cases. The diagnoois la not difficult when the condition 
it typical, but the condition is often overlooked because pro per con- 
sideration Is not given to the poesibility of its occurrence. Extra 
dural hemorrhage practically al^^iyi u accompanied by a Tini»qi - 
frxrttmi of the ikoU which lacorate. the tnmli of the middlo mm- 
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mgeal artery or one of its branches; therefore roentgenologic study 
IS of great value in the diagnosis when the condition is suspected. 
Clinically, when the condition is t 3 T>ical, it is characterized by a brief 
period of unconsciousness followed by recovery, a so-called free in- 
terval, and later development of signs of progressive neurologic im- 
pairment The condition usually is rapidly progressive except when 
the clot IS situated high up toward the vertex and, m such cases, S 3 Tnp- 
toms may develop more slowly 

1. Symptoms — One of the first S 3 unptoms of extradural hema- 
toma IS headache This is usually followed by mcreasmg stupor and 
profound unconsciousness. Other signs may be dilatation of the pupil 
on the side on which the clot is situated and contralateral weak- 
ness of the face and extremities, particularly the arm Extradural 
hemorrhage is an urgent surgical emergency If the patient becomes 
profoimdly unconscious for several hours before surgical mterven- 
tion, the mortahty rate is high, even though the clot is removed. 

2 Diagnosis — ^The diagnosis m these cases should be made on 
the basis of the clinical signs caused by an expandmg lesion which 
usually is situated m the lower part of the motor area and spreads 
m fan shape upward. In cases of suspected extradural hematoma, 
lumbar puncture never should be performed. If there is presumptive 
evidence of such a lesion and it is not found by a trephme opening at 
the site suspected, the other side should be trephmed also Increased 
mtracramal pressure usually can be determmed by the clmical ex- 
amination and lumbar puncture may mcrease the patient’s difficulty 
without providmg any help m the diagnosis The diagnosis of extra- 
dural hemorrhage may be especially difficult if patients have had no 
free mtervaL Exploratory trephme openmgs made with the patient 
under the influence of local anesthesia are accompanied by so little 
risk that they should be used more frequently m the diagnosis of sus- 
pected mtracramal clots If extradural hematoma is present it will be 
situated on the side of the fracture, as previously disclosed by roent- 
genologic exammation, and a trephme openmg made at the mtersec- 
tion of the superior temporal Ime with a Ime across the vertex, con- 
nectmg the tips of the auricles, on this side usually will expose the 
clot as soon as the openmg m the bone is made 

3 Removal of Clot. — ^No effort should be made to remove any 
part of the clot until the openmg m the bone has been sufficiently 
enlarged to give adequate exposure of the hematoma, which should 
be removed by suction. The bleedmg vessel is located by use of the 
hghted spatula which can be used to occlude the vessel while the clot 
IS further removed. When the artery is ruptured near the foramen 
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fprodum, contiderable difBculty may be encountered in findm g tbo 
bleeding point and it may be necessary to plug the foramen with 
cotton to control the bleeding. In many cases bleeding from the rup- 
tured vessel stopped spontaneously, but if this has not occurred 
the vessel can be coagulated with the electrosurgical unit. It is im '' 
portant to remove the clot rather completely, except for a coagulum 
from numerous small dural vems which may have been broken m 
the separation of the dura from the skull by the accumulatmgjaloo^' 
from the hemorrhage of the ruptured artery In some cases the 
extends almost to the midline of the vault and venous bleedrag from 
the dura, high up near the longitudinal smus, may be extremely dif 
ficult to control. Light packing of the bleeding dura with gauze strips 
usually is suffiaent to stop all oostn^ and may be required m some 
cases. If expansion of the bram does not follow removal of the clot, it 
may be well to suture the dura m a number of places to the galea 
or temporal muscle to prevent reformation of clot m the large dead 
space. In cases in which condensation of the brain is marked and 
m which there a httle expanskm after removal of the clot, conval- 
escence generally u prolonged. The outlook for r e c overy after prompt 
removal of extradural hematoma u good, biit the mortality rate 
remains high because of delayed diagnosis. 

A few cases of extradural clot in the postencrr fossa anting from 
rupture of a venoxis sinus have been reported. These cases always 
mclode fracture of the skull oikI give signs of marked com pre ss kto 
of the cerebellum. Early operation for removal of the clot, as m mid 
die menmgeal hemorrhage is required. 

iNTRAimRAL HEMOiomAaE. 1 Subarachnoid Hemorrhage. — This 
IS the most frequent form of beroon-bage produced by trauma to 
the head, but it does not require operation. Repeated lumbar punc 
ture may bo used to reduce the intracranial pressure and to relieve 
the headache which often accompanies such lesions. L#umbar punc 
ture s h ou l d not be employed in these cases until sufficient has 
elapsed for the arrest of hemorrhage, which usually occ u r s after 
twenty four hours. 

2 Acute Subdural Hematoma and Hydroma. — ^Tbere are two 
types of subdural hematoma, acute and chrome. The acute ty p e 
IS more frequent than is usually believed, and often is responsible 
for the elevation of intracramal pressure of patients who do not 
present distinctive signs of intracranial clot, but who continue to bo 
stuporous or imconscioia. It is commonly a»ociated with injury to 
the brain tissue, and a therefore found in cases in which the blow 
to the bead has been rather severe The mechanical equivalent of 
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this type of hematoma is a subdural hydroma and they cause similar 
symptoms Patients who have a subdural collection of blood or bloody 
cerebrospinal fluid (hydroma) may show improvement shortly after 
mjury only to have signs of mcreasmg compression develop later. The 
progression of symptoms in these cases is much less rapid than the 
progression of those of extradural clots Enlargement of the pupil 
may develop on the side of the clot, with weakness of the extremities 
on the opposite side The clinical picture, however, is by no means 
so characteristic as that of middle meningeal hemorrhage 

(a) Diagnosis — The diagnosis of acute subdural hematoma may 
be suspected by the clmical course of the patient but verification 
of the lesion requires bilateral exploratory openmgs placed at the 
mtersection of the superior temporal Ime with a line connecting 
the tips of the auricles, as m surgical exploration for extradural 
hematoma (p 44) 

(b) Removal of Clot — ^It may be necessary to enlarge the bur 
openmg with rongeurs to give full access to the clot, which usually 
can be removed by irrigation with saline or Rmger’s solution and 
gentle suction. Convalescence after removal of an acute subdural 
hematoma may be delayed because of severe associated mjury to 
the brain. If a clot or hydroma os not discovered when exploratory 
trephme openmgs are made and the mtracranial pressure remains 
high, subtemporal decompression may be required. 

3. Chronic Subdural Hematoma. — An encapsulated collection 
of blood m the subdural space is known as a “chronic subdural hema- 
toma.” The term “chronic” is perhaps more nearly accurate m de- 
notmg the time at which the clot is recognized than as descriptive 
of the pathologic condition The transition of acute subdural hema- 
toma to the chronic type is manifested by the development of a thin, 
dehcate membrane surroimdmg the clot This form of intracranial 
clot IS probably always the result of mjury to the head, but the in- 
jury responsible for the clot may appear to be trivial and show little 
primary effects 

(a) Symptoms — ^Patients who have chronic subdural hematoma 
often are mentally confused and may fail to recall having received 
the slight mjury which caused the clot There is sometimes a con- 
siderable mterval between the mjury and the recognition of pressure 
symptoms, the mterval often is weeks or rarely, a few months Head- 
ache, however, is almost constant from the time of the mjury to the 
head- Mental changes are characteristic of this lesion, and focal signs, 
such as mequahty of the pupils or weakness of the extremities on 
one side, often develop General signs of severe cerebral compression 



GUNSHOT AND OTHER INJURIES OF SCALP SKULL, AND BRAIN 47 

looTifry oc later make their appearacce. If there ii a hurtoty of injury 
to the head, however alight, followed by an mterval of apparent re- 
covery with fubsequent ilowly progrenive ti£ns of compreition, the 
surgeon abould co ns ider the likelihood of chronic subdural hema- 
toma (see also p. 30) 

(6) Diagnosis. — The condition may be confused with post trau 
mahe syndrome and the injectioo of air sometimes Is required for 
p re c ise diagnosis. In view of the fact that bilateral trephine open 
Ings, placed as previously described, generally will disclose the lesion 
U one is present, thW method of diagnosis in cases of suspected 
subdural clot is preferred. The diagnosis may be verified and surgical 
treatment accomplished by this single procedure. 

(c) Removal of CIoL — An osteoplastic flap usually a un n ec es - 
tary for the removal of subdural hematoma. The contents of the sac 
generally are liquid, although in some cases there may be a large 
solid portion of clot and, in the latter event, after primary evacua- 
tion through a trephme opening, it may be necessary to make an 
osteoplastic flap In view of the fact that the condition of many 
of these patients ts extremely serious before the lesion ts recognised, 
a bur opening is preferred to the osteoplastic flap as a primary pro- 
cedure because the dot may be completely evacuated in this man- 
ner in the majority of cases, and the petient thereby spared a major 
cranial operabon. 

The dot is encased m a membrane which may be as much as 
% Inch (03 cm.) in thickness on the dural tide end of almost trans- 
parent th in fM - MM where it is m contact with the arachnoid. In the 
major i t y of cases the sac overlies a large part of the cortex of one 
ce re bra l hemisphere, and In many cases (25 per cent) the lesion is 
bllateraL Small encapsulated subdural dots sometimes are found in 
various intracranial situatiooB, mdicatxng that the source of hemor- 
rhage in subdural hematoma may be a rupt ur ed vem traverahig any 
part of the subdural space The usual situation, however is over the 
cerebral cortex. When the dura la Incised over a chronic encysted 
clot, the diagnosis at once becomes obvious. A dark, greenish black 
glistening membrane, often with siwta of yellow comes into view 
When the membrane is opened the contents escape under tension. 
The fluid 11 very much Iflce rusty venous blood containing small 
dark parbdes resembling coffee grounds. The sac should be Irrigated 
tiirough a soft-rubber catheter end removal of the contenti will be 
facilitated by lowering of the patient’s head. Multiple trephine open- 
ings generally are unnecessary for the removal of a untlateral dot 
Unless previous injection of air has disclosed only a tingle clot 
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bilateral surgical exploration always should be done Drainage with 
a rubber tissue drain or small catheter may be maintamed for a few 
days after operation Prompt expansion of the brain after removal 
of the clot IS a favorable sign Failure of the brain to expand is an 
mdication that the patient’s convalescence will be slow and the 
prognosis imcertain Lowering of the head of the patient may fa- 
cilitate expansion of the brain 

4 Intracerebral Hematoma — Intracerebral hematoma (see also 
p 30) IS not a frequent result of trauma, this bemg due more often 
to disease or malformation of the blood vessels However, a collection 
of blood within the cerebral tissue may be caused by mjury With 
a history of mjury followed by signs of general compression, asso- 
ciated with early disturbance of functional areas of the bram, the 
possibility of intracerebral clot should be considered The injection 
of air generally is necessary to disclose the situation of the lesion 
These hematomas, as a rule, can be evacuated through a ventricle 
needle, once their situation has been ascertained 

5 Intraventricular Hemorrhage — Intraventricular hemorrhage 
usually is caused by disease, but rarely may result from trauma 
These lesions can be diagnosed only by ventriculography and explora- 
tory operation Intraventricular hemorrhage generally is fatal, but 
evacuation of the clot may be accomplished, with recovery of the 
patient, in rare mstances 

Simple Depressed Fracture — Simple depressed fractures of the 
skull should be elevated as soon as prachcable, but operation never 
should be done for this fracture while the patient is in a state of 
shock or in serious general condition from any cause It is doubt- 
ful that the continumg depression of fragments of bone is responsible 
for the late bad results which have been attributed to depressed skull 
fracture The injury to the brain at the time the fracture was sus- 
tamed probably is a more important factor m the production of 
late untoward effects, such as headache and convulsions 

Surgical Procedure — Simple depressed fractures can be ele- 
vated with the patient under the influence of local anesthesia, ex- 
posure bemg accomplished through a curved scalp incision Hemor- 
rhage IS controlled by finger pressure and application of forceps to 
the galea The mcision should be spread by self-retaining retractors 
Elevation of the depressed bone, as a rule, requires that a preliminary 
bur openmg be placed near the edge of the depression Through 
this bur openmg an elevator can be passed and with leverage the 
fragments can be raised As a rule, however, removal of a portion of 
the depressed bone with rongeurs is required before the fragments 
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of bone can be unlocked and removed. The dura may be lacerated 
and there may be extravasation of brain tmtie beneath the acalp 
However, the danger of mfection m luch a case is negligible. Mac 
crated bram twue ilKnild bo removed by gentle suction and hemo- 
ttan* accomplished by coagulation of the bleedmg vessels. When 
marked depression of bone occurs and the appearance of the dura 
mdicates bleeding beneath, even though the dura has not b ee n torn. It 
may bo assumed that there have been laceration and contusion of 
the bram tissue. In such cases the dura thotdd be opened for m 
tpection of the cortex and for removal of the severely damaged 
brain tissue. If such Is pr ese nt. The removal of macerated brain tissue 
and clots permits healing of the wound m the brain with less for 
mation of scar tissue and dimmlshes the tendency toward the de- 
velopment of post traumatic convulsioas. The dura should be closed 
tightly and the fragments of bone replaced- The woimd m the scalp 
is closed without drainage. The fragment will become firm withm a 
few weeks. 

Fractukk over LoNorrunrMAL Sunra. — It may be advisable to 
disregard small simple depressed fractures over the longitudinal 
smus aioen the dep ress] on n slight, In view of the fact that the 
eomphcation of hemorrhage anting from penetration of the sinus 
may present a formidable operative problem. Moreover small frag 
meat! of depressed bone In this sitaation probably do not injure 
the cortex and will not produce the sequelae which have been at 
tribiited to the larger depre ss ed fractures over the c er ebr a l bemi 
sphere* (see p. 40) 

Subtomp&ral Deco mp ree si on for Cerehra/ Edema . — Subtemporal 
decompression for the relief of mtracranlal pressure resulting from 
trauma to the bead Is rarely required, certainly m not more thfm l 
or 2 per cent of cases. The operation li done with the patient under 
the influence of local anasthatia supplemented by eadatm agents 
as peovkniily described- Subtemporal decom p ression may be done 
for patients who remain unconscious for a few days, with persistent 
elevation of the pressure of the cer e b ros p inal fluid, when exploratory 
bur openings in the lower parietal region on each side have disclosed 
no subdural hematoma or hydroma. When the incisions for eipkira 
tory bur opcnmgi are made, the outline of an incision for subtem- 
porol decompresiion on the right side also thonld be made by scrateb- 
mg the scalp with the point of a knife, in a straight Ime down to 
the sygoma. When subtemporal decompresnoii is being carried out, 
the attachment of the temporal muscle and fascia should not bo 
doturbed. Tborefoce, an area of booe wffl separate the exploratory 
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trephine opening from the bone defect made for the decompres- 
sion The mcision through the muscle and scalp is spread with a self- 
retaming retractor and an area of bone about 2% to 3 inches (about 
7 5 cm.) in diameter should be removed as close to the base of the 
skull as possible The dura is opened with stellate incisions If the 
tension is very high, silk sutures should be placed m the muscles 
before the dura is opened, their ends clamped, and the sutures re- 
tracted from the field Exploration of the temporal lobe may be 
carried out with a ventricle needle. The muscle sutures are then 
tied. Closure of the fascia is unnecessary when subtemporal decom- 
pression IS done for trauma The scalp is closed in two layers in the 
usual manner 
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GUNSHOT AND OTHER INJURIES OF 
SPINAL CORD 

CLAUDE C. COLEMAN MJ>^ mod COED PILCHER. MJ> 


INJURIES of the tpmal cord not due to mi**ile* which *trike the cord 
usually are caused by fracture-dislocation of the spinal column. A 
largo number of sudi mjunes In civil life occur as a result of in 
dustnal and transportation acddenta. Similar injuries m warfare 
inevitably result from the extensive use of mechanised equipment 
and the aerial bombing of atie# and towns of belligerent countries. 
Wounds of the spinal column naturally are divided mto two groups 
(1) wounds which produce fracture of the spinal column without 
mjury to the spmal cord and (2) wounds which involve the spinal 
r a ^al , with injury of the spinal cord. Many factors in the treatment 
of the two groups are Idenbcal, and they will be considered together 
for the most part 

TRANSPORTATION 

The management of a paBent who has a spinal Injury should 
begin at the scene of trauma. Patients who have a severe injury of 
the spinal cord often volunteer the mformabon that the injury caused 
immediate lose of use or numbness of the lower extremities, or they 
may complain of local pain in some region of the spinal column. 
In either case the information mdkates at once the ne ce ss i ty for 
great care in the moving of such patients. Such care is more im 
portant m spmal injuries than m those of any other part of the body 
The transportation of the patient to the first-aid post or hospital 
should be so planned as to prevent unnecessary handling or transfer 
from one carrier to another and to avoid twisting or bending of 
the spinal column in any way Injury to the spinal cord may be 
caused, or if present h may be increased, by the sUppmg of a frac 
tured vertebra because of improper handling or transportation. 
Permanent poralysii may result in cases in which the original injury 
otherwise might have been curable. 

SI 
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The patient should be hfted by two or more people, with the 
entire length of the spinal column supported and mamtained as 
nearly straight as possible. Patients who have injuries m the thoracic 
or lumbar portion of the spmal column should be transported in 
the prone position but, smce the type of fracture cannot be ascer- 
tamed immediately, it is better to transport them m the position in 
which they are found to avoid further mjury while they are bemg 
turned The supine position is better for those who have mjunes 
of the cervical part of the spmal column, with immobilization of 
the head achieved when practicable by the use of sandbags If 
recogmzable k3rphos exists, a small, soft pad (such as a folded sheet 
or coat) should be placed directly under the deformity 

Time IS of greatest importance m the care of mjunes of the spmal 
cord and all possible speed should be employed m the evacuation 
of patients to a station where definitive treatment can be earned out. 

SHOCK 

The mjury to the spmal cord may be associated with important 
mjunes m other parts of the body, and the patient may be m a 
state of severe shock ansmg from a combmation of the mjunes and 
exposure to which he has been subjected The patient who is m a 
state of shock should be wrapped warmly and transported promptly 
to the first-aid post or to a convenient hospital as soon as possible 
Patients m shock will exhibit pallor, profuse perspiration, extreme 
weakness, rapid, feeble pulse, and low blood pressure 

If shock IS present, as determmed by a systolic blood pressure 
of less than 100 mm of mercury, nothmg more than a bnef survey 
should be made of the patient’s mjunes until the patient has re- 
covered from shock. This survey should mclude a search for the 
gross evidence of spmal as well as associated mjunes 

Treatment 

Treatment of shock should be given first consideratiorL This 
should mclude warmth, lowenng of the head, givmg of morphme, 
the oral, subcutaneous, or mtravenous administration of flmds, and 
the early transfusion of blood or mtravenous infusion of plasma 
or serum Shock of the neurogenic type, without excessive hemor- 
rhage or loss of tissue fluids, often will respond to qmet, warmth, and 
absence of manipulation without the employment of more heroic 
measures 
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RECORDS, BEGINNING AMTH FIRST AID 

When the patient hai been brought for fint-aid care, a brief 
record thouki be made in ^hich the date and appro xim ate time 
of mjury, date and time of examination, and retnlta of preliminary 
examination are listed. It is most important that all observations 
made in pnmary examination be recorded in detail, and that 
they accompany the patient, so that these may be used for com 
penson with observations made m subsequent examinations. On the 
keeping of careful records of patients depends not only the mdivid 
uils welfare, or even his life but also the possibility of improve- 
ment of methods of therapy through study of results In large numbers 
of cases. Every procedure, every important medication, end every 
significant change m e patient's condition should be briefly but 
clearly added to the original observations in the case. 

PRELIMINAR-V CARE OF WOUND AND CONTROL 
OF HEMORRHAGE 

Operative treatment of spmel wounds should not be attempted 
ontil fecilhies and time are available for complete lemmectomy be' 
cause unexpected findings may make such an operation necessary 
and incomplete operation may do more barm than good. 

At advanced stations, cleansmg of the aldn wHh soap end water 
removal of s up er fi cial and loose foreign bodies, fragments of bone, 
and blood clot should be followed by the use of mliorwmidn locally 
and by mouth, the application of a sterile dretsing, and rapid evacua- 
tion to the rear External hemorrhoge should be controlled by the 
aprpheation of a pressure bandage or by such other means at may 
be required by the circumstances of the case. Hemorrhage in large 
wounds is best controlled by packing with sterile vaselined gauze. In 
ma»rve wounds, the spinal cord may be exposed in the depths of 
the wound and great care must be empkiyed to avoid trauma to or 
compression of it 

MEDICATION 

AnnJgefllc Drugs 

Patients who have spinal injuries often suffer from excruciating 
pam in nerve roots. MorpMno sul/afe should be given without hesha- 
tion in doaage (0J)16 gm., or % gram) suffiaent to bring rehef of thk 
p.ln. Tb« date imd ttaB of KlmlnirtiBtion and tfao amount of «]1 
modkation givon diould, of cou™^ bo entorod on tho marf, fiold 
medical card. 
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Antitetanic Medication 

If men have not been moculated previously with tetanus toxoid, 
antitoxm should be given as early as possible, as is described m 
Chapter I, the dosage and date of admmistration to be recorded 
on the field card as usual 

Sulfanilamide or Sulfathiazole 

These preparations should be admmistered m initial dosage of 
4 gm (60 grams) and recorded 

EARLY CARE OF BLADDER 

If the patient is unable to void (and this is almost always the 
case), a careful attempt should be made to express unne by the 
manual exertion of fairly heavy pressure on the distended bladder, 
above the symphysis pubis As a rule, this can be done without undue 
difficulty after a little practice, and rather complete emptymg can 
be secured thereby 

If manual expression does not succeed, an inlymg catheter should 
be placed immediately This catheter should, if possible, be attached 
to a y tube which can be clamped off One branch of this tube should 
lead to a bottle for the reception of urme, the other should lead 
to a bottle which contains a mildly antiseptic solution for penodic 
irrigation of the bladder. If the second bottle cannot be handled well 
dunng transportation when it contams solution, it should be kept 
attached but empty, sterile, and stoppered, so that solution may 
be put mto it from time to time and the bladder irngated. Patients 
who carry mdwellmg catheters should be given sulfathiazole, 7% 
grams (approximately 0 5 gm ) twice daily as a prophylactic meas- 
ure. The bladder should be irrigated once every two days and the 
catheter changed weekly 

DIAGNOSTIC STUDY 

When the patient reaches a hospital m which complete treat- 
ment can be earned out, he should be allowed to recover from shock 
if shock IS present. If shock is absent, or after he has recovered from 
shocks he should be exammed as thoroughly as facihties permit, so 
that the presence or absence of mjury to the cord and the type of 
therapy to be employed can be determmed 

If the patient is conscious it should be determmed on the basis 
of his statement, if possible, whether or not paralysis began immedi- 
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ately Inapectaon of the region about the ipmfll column often will 
reveal that contusion and edema overlie the fracture, and kypbosb 
frequently ii *een in thi> regi on . Eiaminabon thould include teiti 
for mn tor power of the cxtremitici, condition of the reflexea, ten- 
wry change*, and the determination of the neurologic level of the 
lesion. The pretence or abience of deep pretturo tente in the calve* 
of the leg* and propnoceptive disturbance in the toe* should be 
noted- The condition of the bladder in the pretence or absence of 
retention should bo determined. 


Roentgenologic Examination 

Roentgeiu>grams of the spinal column at the level of the sus- 
pected fracture should be made at part of the routme examination, 
to determme the extent of the Injury to bone, the presence of foreign 
bodies and impingement on the spinal Great care must be 

exercised In turning the patient for the making of different views, 
lest spinal deformide* be increased and further damage done to the 
cord- 

Tbe ajsociatlon of mjury to the head, shoulder girdle, and cervi- 
cal part of the spinal column is to frequent that all patient* who 
have injury to the bead and shoulder girdle should have the benefit of 
routine roentgenologic examinatioo of the cervical portion of tbe 
spinal column so that injury In that region can be excluded or con- 
firmed. 


Neurologic Examination 


If the spinal cord has been injured, the patient will pr esen t fan 
palrment or loss of the motor and sensory function* below the level 
at which the injury has occurred, and usually be will be unable to 
empty tbe bladder Accurate localisation of the injury usually Is best 
determined by the upper level of s en sor y impalnnent (Figs. 11, 12) 
A progressive rise in this level often indicates rntraspinal hemor 
rhage with extension of the hematoma upward. It should be remem 
bered that the sensory segment* of the ildn correspond to segments 
of the spinal cord wbow position m the spinal canal is one or two 
vertebrae hi^er than the dermatomes Involved. 


Tbe neurologic level usually coincide* with the site of injury to 
tbo bon^ fa fracture-dalcxMtion of the ^>faal cohnnn with farolve- 
ment of the cord. 

It b Hkewbe Important to determine the depth of lemors- Ion 
*• “y ««pon* to a «ver, type of 

pom nfrtnj below the level of the lerton of the cord. 
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From the point of view of prognosis, complete distinction should 
be made between lesions of the spinal cord and those of the cauda 
equma. 

Queckenstedt Test and Supplementary Measures 

The Queckenstedt test should be earned out if signs of involve- 
ment of the cord are present. This is done by lumbar puncture, with 
the patient lying on his side. The spinal needle is connected with 
a manometer and the mitial pressure is observed The jugular and 
other vems are then obstructed by firm pressure exerted around the 
neck on both sides If block exists, a corresponding increase in pres- 
sure of the spinal fluid will not occur A slow, intermittent increase 
m pressure mdicates that almost complete block is present A record 
of this test should show (1) the initial pressure of the spinal fluid, 
(2) the rapidity of mcrease and decrease of the column of fluid in 
the manometer when the jugular veins were compressed, (3) the 
presence or absence of gross blood in the spinal fluid, and (4) the 
pressure after a recorded quantity of spinal fluid was removed More 
than one fracture may be present in the spinal column at different 
levels Roentgenograms often do not indicate whether or not pres- 
sure IS being exerted on the cord and this fact must be determined 
by the Queckenstedt test 

To supplement the Queckenstedt test when there is evidence 
of subarachnoid block, 5 to 10 cc of air may be injected through 
the needle that was employed for lumbar puncture and the upper 
part of the body elevated. If obstruction is incomplete the patient 
m a few seconds will complain of headache, whereas if block of the 
spinal subarachnoid space at the level of the injury is complete, 
headache will not follow, but the patient may complain of root pain 
arising just below the segmental level of the compression 

In severe mjury of the spinal cord, even though initial results 
of the Queckenstedt test disclose mcomplete block, swellmg of the 
cord from contusion may occur subsequently, and produce complete 
obstruction and compression of the cord It is often advisable that 
the Queckenstedt test be repeated once or more, at daily mtervals, 
so that pressure on the cord may be recognized and relieved by 
prompt lammectomy 

Instantaneous Loss of Function 

The seventy of mjury to the spinal cord may vary greatly, but 
usually, the type of mjury caused by fracture-dislocation is likely to 
be very severe, often causmg complete physiologic mterruption In 
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tn which the cord i« cruihed by dalocation of the vertebra, 
the lo« of function below the level of the lesion it inttnntnn eoxB 
and complete. Patients retalnmg contdotimeti throughout are able 
to tupply information ax to the instantaneous loo of function of the 
tpmal cord. The importance of thl* will appear later 

Recoil of Displaced Yerlcbra, Concussion and Mild Injury 

Recoil of the displaced vertebra, which is sometimes sufficient 
to achieve normal almement, is not uncommon m fracture-diiloca 
bon of the ejiinal column. Tbe greatest displacement continues only 
to long as tbe displacing force is in action, and the damage to the 
cord generally ts completed by tbe time dislocation has reached 
its maximum. After partial or complete recoil of the displaced ver 
tobra, bony pressure is reduced and may in some cases be completely 
removed from the injured cord. Roentgenologic examinabon after 
recoil can ^ve no Information as to the extent of displacement at 
its maximum therefore, the gravity of tbe lesion roust bo determined 
by the pabeot's history and the e^ddence of impairment of func 
tion of the cord below the level of the lesion. 

Concussion and mUd in/ury may cause changes m reflexes, weak 
ness of tbe extremibes, temporary disturbance of vesical function, and 
root pain. Confus/on of the cord with mtramedulJary hemorrhage may 
be indicated by the presence ol tbe Brown-S^quard syndrome. 

Crushing of Cord 

It IS often stated that because of spinal concussion and spinal 
ihodt resulting from trauma, it is impossible accurately to distinguish 
between complete mitantaneoui physiologic mtemiption, m which 
recovery to some extent may occur later and a total transverse 
anatomic lesion, the eSecti of which are permanent. Concussion is a 
factor of importance in mtury to the cord caused by proJecUlei and 
it may be a factor although to a less degree, in other Injuries re- 
sulting from a direct blow over the spinal column. In of frac 

turo-dislocation arising from indirect violence, however which is the 
usual method of production of injuries to the cord, a better erplana- 
tioQ than spinal shock or concussion for immediate loss of function 
is tbe crushing of the cord by the displaced vertebrae. 

Other Injories 

It is of great Iroportanco to remember that missiles which have 
penetrated tbe spmal column also may have entered or passed 
through tbe neck, thorax, or abdomen. Careful exammaticm for in- 
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juries in these regions must be made and the observations considered 
in formulating the decision as to the course of therapy 

TREATMENT IN ABSENCE OF DURAL PENETRATION 
OR INJURY OF SPINAL CORD IN GENERAL 

Wounds from Smgle Missiles 

If wounds produced by the penetration of single small missiles 
are seen early (withm twelve hours) they may frequently be closed 
without drainage after excision of damaged skin and superficial tis- 
sues, even though fractures may exist and the missiles may be re- 
tamed If the mjury occurred more than twelve hours previous to the 
time when the patient is first seen or if obvious infection exists, wide 
mcision should be carried out and foreign bodies and free fragments 
of bone removed Such wounds should be drained or packed open 
with vaselmed gauze or with gutta-percha placed next to the raw 
surface and gauze placed over the gutta-percha In all cases the local 
and systemic use of sulfonamides is of great importance 

Extensive Wounds 

More extensive wounds, with shattering fractures, wide damage 
to tissues, multiple foreign bodies, dirt, fragments of clothmg, and 
the like, should be radically treated After preparation of the skin 
with soap and water and a suitable antiseptic solution, the wound 
should be thoroughly irrigated with sterile water or saline solufaon 
and wide debridement carried out. All damaged tissue, foreign ma- 
terial, and free fragments of bone should be removed Laceration 
or contusion of the dura must be carefully avoided The choice among 
closure, dramage, or open packing must depend on the time element 
and the appearance of the wound 

TREATMENT IN PRESENCE OF INJURY TO SPINAL 
CORD IN GENERAL 


Aim of Treatment 

Injuries of the spmal cord are among the most discouraging le- 
sions m all the field of surgery Any acute injury, whether it is 
laceration, contusion, or rapid compression, produces devastatmg 
paralysis and anesthesia from which recovery is the exception, rather 
than the rule Nerve cells and nerve fibers of the spmal cord which 
are destroyed never regenerate It is therefore apparent that lacera- 
tions or contusions of the cord cannot be ameliorated by any opera- 
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tive procedure and that the »ole neurologic benefit to be obtained 
from operation must come from relief of compression of a cord 
the fiber* and cell* of which have been compre**ed but not destroyed. 

Operation* are aimed at (1) d^bndement and cloture, as already 
detcribed, and (2) decompression of the cord. If compression exists. 

Decision to Employ Any Surgical Mcnsnrcfi 

If the patient has renmuied cootdous throughout and ttatei that 
with the impact of injury he became paralysed and lost all sensation 
m the lower extremitiei, and if the examination shows absence of 
the Babinsla reflex, deep sensibility tactile sensation, and deep 
refiexe* distal to the lesion or in other wonl*, if complete phytio- 
logic mtermption ts present, experience indicate* that the situation 
1 * bopele**, regardless of the treatment employed. The only recovery 
which can be exp ec t ed m such cases Is some degree of return of seg 
mental innervation just below the level of the injury Lesions of 
the cord caused by fracture-dislocation rarely are progre ss ive aV- 
tbough they may become so by injudiciouj handling of the patient 
Experience shows that the maximal damage to the cord usually ts 
manifest immediately, and if the cord has not been crushed, con 
tiderabla r ecovery v^ich wilt extend over a long period may be 
expected. The inherent tendency after a partial lesion, for recovery 
of much of the function temporarily lost probably deserves a large 
share of the credit for improvement commonly attributed to opera 
don or manipulative procedures designed to decompress the canal 
or restore the alinement of the vertebral column. 

fndicatfon* for Decomprestroci, — ^Presumptive evidence of com- 
pression of the spinal cord sufficient to call for decompression may 
be adduced if one or more of the following observation* i* 

L Incomplete paralysl* and anesthesia below the anatomic level 
of the injury 

2. Koentgenologic evidence of impingement of bone or a foreign 
body on the spinal canaL 

3 Blockage of cerebrospinal fluid or partial block among pa- 
dents who display evidence of incomplete section of the cord. 

4 Upward progression of the level of neurologic Impairment, 

which usually is the result of hemorrhage Into the or 

within the cord. Extensive extradural hemorrhage a extremely 
rare. 

Intolerable pam u a factor to be taken into account when the 
question of operation u under coosiderBtioa. 

sau ancrtho- factor namely the Bme which hai elapsed after 
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injury, enters into the indications for decompression Nerve tracts 
functionally “blocked” by compression for as long as forty-eight 
hours never will regain function and m such circumstances decom- 
pression no longer is indicated. Also dependent on the time element 
IS the likelihood of inciting or spreading of infection m the menmgeal 
spaces by extensive operation. Definite infection of the wound is a 
contramdication to further opening of the menmges Concemmg 
cases in which the condition is borderline no arbitrary rule can be 
stated and the surgeon’s judgment plus the urgency of treatment 
of other patients whose condition is more definitely remediable must 
be the decidmg factors 

Decision to Employ Lammectomy 

A most important decision which has to be made in the management 
of acute injury to the spmal cord is whether or not lammectomy 
should be done Lammectomy in fracture-dislocafaon with injury to 
the spmal cord is mdicated only for the rehef of localized compres- 
sion of the cord when the cord has not been divided or hopelessly 
crushed at the level of the mjury Presence of compression of the 
cord can be determined accurately only by the Queckenstedt test 
If the result of the test is negative there is no mdication for opera- 
tion m the presence of closed mjuries, regardless of the severity 
of the lesion If the result of the Queckenstedt test shows that ob- 
struction of the spmal subarachnoid space is present lammectomy 
IS mdicated only if the surgeon has reason to believe that the cord 
may regain function of some degree 

Wide dislocation of the vertebral segments usually destroys the 
cord at the level of the dislocation and, obviously, patients who 
have such an mjury should not be operated on even though the 
result of the Queckenstedt test is positive The mdication for lam- 
mectomy as offered by the result of the Queckenstedt test also 
may have to be set aside m certam cases m which other associated 
circumstances show that the bony mjury has produced a crushmg 
mjury of the cord. Experience demonstrates that complete and m- 
stantaneous physiologic mterruption of the fimction of the spmal 
cord after fracture-dislocation is permanent, regardless of the treat- 
ment employed. 

If there is any doubt, however, that complete loss of fimction 
was instantaneous (and this doubt may be raised because of the 
state of consciousness of the patient at the time of the mjury) 
lammectomy should be done if the result of the Queckenstedt test 

IS positive 
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Treatment for Injurr of Particular Regions In Presence or Ab- 
sence of InjiUT to Spinal Cord 

Patient* who require treatment by manipulation or traction 
■TiniilH be evacuated a* rapidly a* possible to permanent hospital* 
m the intenor where fadhtie* of tbi* kmd can be provided. 

Cervical Injuries 

Skeletal Traction ver*ui Lammectomy — Fracture-dislocatioti m 
the cervical part of the spinal cord In which immediate and com 
plete phystologic mtemiption occur* should be reduced by skeletal 
traction exerted on the skull In such case* the outlook for recovery 
of hmetion xs practically hopeless, but whatever benefit might be 
secured from lammectomy gan be se c ur ed by the much more simple 
method of skeletal traction, which can be applied m a few minute* 
without greatly disturbing the patient There appear* to be no indl 
cation for laminectomy in such case*. 

If the cervical mpny has not completely destroyed the function 
of the cord peripheral to the injury the dislocation, if one u dem 
cnstrated by roentgenologic examination, should be reduced by 
skeletal traction. Redaction of the dalocation may p romptly relieve 
obstruction of the spmal subarachnoid space, but m many case* 
the result of the Queckenstedt test may remain positive for several 
days, at least. 

Injune* in the cervical portion of the cord, both complete and 
incomplete, may be produced by recoiling dulocationi, with little 
evidence of bo n y injury as demonstrated by roentgenologic erami 
nation. If the patient's history and results of examination show that 
the lesion wn» immediately complete, operation is not indicated. 
If the lesion is partml but pr o grc* » u*e, m spite of tractian, lamin- 
ectomy should be done if obstruction of the spinal subarachnoid 
space can be demo n strated by the Queckenstedt test. 

Fracture-dislocation in the cervical part of the spinal column 
without injury to the cord may produce disturbing root pain. »nd 
seriously interfere with mobility In the cervxad region. In such cases 
dislocation »bould be reduced by •kelotal traction. This method i» 
preferred for the reduction of fracture-dislocation m the cemcal 
region to manual reduction, for it i* not accompanied by the risk 
of further damage to the cord. 

ApphcnUca oi Skultrtal Trscthm^-CmtcbBcTd toop ere wd for 
the .pplicbon of ikelotml tractioo. and reduction of the dlilocaOon 
Kanobme. ii obUmed by tbh method within a few minute, after 
» 
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the apphcation of weights To apply the skull tongs a stnp of scalp 
3 inches (7 5 cm ) wide across the vertex is shaved and disinfected 
With the patient under the mfluence of local anesthesia, two stab 
wounds are made m the scalp on a Ime with the mastoid processes, 
equidistant from the midline A small drill pomt equipped with a 
guard to prevent penetration to more than a depth of 4 mm is in- 
serted in the incisions m the scalp and the bone is penetrated. The 
pomts of the tongs are mserted m these openmgs and are held 
firmly by the setscrews which are tightened sufficiently to hold the 
tongs m place, even when a force of 25 to 30 pounds (about 11 to 

14 kg ) IS exerted A fixed guard is placed on the tong to prevent 
further penetration It may be necessary to tighten the tongs every 
few days if prolonged traction is required. The advantages of this 
method are its simplicity and effectiveness m the reduction of cervi- 
cal dislocations, moreover, the type of apparatus used permits the 
patient to be turned from side to side in routine nursmg care, while 
the traction is bemg maintamed 

Thoracic Injuries 

The same general mdications for lammectomy for mjunes in the 
cervical region of the spmal column are applicable to mjuries m 
the thoracic portion of the spmal column. Methods of treatment 
mvolvmg hyperextension do not restore almement m the thoracic 
region as they do m the thoracolumbar or lumbar portion The prac- 
ticability of hyperextension should be determmed by the orthopedists 

Lumbar Injuries 

Many fractures of the spmal column are accompanied by com- 
pression of the bodies of vertebrae Hyperextension may be very 
effective m restonng almement and relievmg pressure on the cord 
m such cases Lammectomy should be carried out if pressure on the 
lower part of the cord or on the cauda equma contmues after hyper- 
extension has been done, or if a lesion which has been causmg mild 
symptoms becomes progressive and if the result of the Queckenstedt 
test IS positive Lesions m the lumbar part of the spmal colunm 
at any level respond very favorably to hjqierextension methods If 
the mjury to the cauda equma is very severe, and hyperextension 
does not relieve block of the subarachnoid space, open operation 

15 mdicated for rehef of pressure, and it should be done promptly 

Caudal Injuries 

A lesion of the cauda equma should not be placed m the same 
category as a lesion of the cord. If there is marked dislocation of 
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the lumbar vertebrae it may be posiible to remove the prenuro 
by raanipiilation and operative meature*, with a reaionable hope 
of improvement m function of the mjured rooti of the cauda equina. 
Regeneration of the motor roott of the cauda equina after relief 
of preature, and tuture when required, tbeorebcally la poasible. L-arain- 
ectomy for in^uriet which involve the cauda equina ii not reatricted 
by the limitationi which experience haa impo»ed In the treatment 
of injunet to the cervical end thoradc portjoo* of the cord. 

laminectomy 

Anesthesia 

In mo»t tpinal wound* thorough local Infiltration with a 1 per 
cent •olution of proceime hydnchlonde containing 5 minimi of 
epinepbrirta per fluidounce <30 cc.) li the aneetbetic agent of choice 
In locio initancea light aneitheiia produced with ether may bo nece*- 
lary Morphme tt contraindicated in laminectomy for leiioni lituated 
high in the cervical region. 

Technic of Operation 

The patient mutt be carefully handled during the p r ep ara ticmf 
for operatioo and when be u being trantferred to the operating table, 
to avoid forther injury to the cord. In lamJnertosny of the cer vi cal 
or upper thoracic region, some form of cerebellar head rest is required- 

In addiboD to an adequate instrumental armamentarium, a rue 
tion madiine and a high frequency "damped wave* electrosurglcel 
unit should be available, If possible. 

For Injury by ProjectHe. — If tbe injury was caused by a projec 
tile prelunioary thorough debridement and irrigation should be car 
ried out Partial laminectomy already may have been accomplished 
by tbe projectile itself If rvt, tbe panuplnal muscles should be dis* 
sected from the spine* and laminae of at loart three vertebrae, cen 
tering at the point corresponding to tbe upper level of the rone of 
involvement of the cord. 

The muscle* are retracted ond the spine* are cut off with bone 
forcep*. The laminae are then widely removed with angled rongeur*, 
so that the dura i* di»:Io*ed. If tbe dura a not tom. It is opened 
longitudinally and tbe edges are retracted with retention sutures. 
The canal 1* cleaned by irrigatkin and suction or very gentle spong 
mg with pledget* ol moist cotton. Hematoma, fragments of bone, 
and foreign bodies are carefully removed No attempt is mMe to 
repair the damaged cord. Bleeding is controlled by coagulation (if 
dural) by »maU transplant* of mu*cle held over the bleeding pomt*, 
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or by gentle pressure with cotton Troublesome extradural vems may 
require that strips of muscle be placed under the edge of the bone 

A soft, small catheter should be run gently upward and downward 
withm the dura If further obstruction exists, the bony opening is 
elongated 

If the injury is very recent and the wound apparently is clean, 
an effort should be made to close the dura with fine silk. If the wound 
has not been seen soon after infliction, or m the presence of exten- 
sive damage to the dura, it may be left open, the cord being covered 
with a thm sheet of animal membrane, if this is available, but care- 
ful closure of the overlymg muscle must be carried out. When the 
cord IS exposed m the presence of obvious infection, the dura should 
be left partially open and a Penrose dram mserted to the depth of 
the dura A skm suture should pass through the edge of the dram 
to prevent its shppmg m too far 

For Fracture-Dislocation — The attachment of the muscles to the 
lammae must be separated carefully and the laminae removed This 
must be done without disturbance of the relationship of the fracture- 
dislocation to the mjured portion of the cord. It is better to remove 
the bone above and below the site of dislocation, so that the point 
of greatest dislocation is approached gradually Removal of fluid 
below the zone of compression and the substitution of air for it 
will be helpful m determmation of the lower level of subarachnoid 
compression at the time of operation As soon as the lower limits of 
compression are reached, the air will escape from the subarachnoid 
space The upper limits of compression are determined by the free 
escape of spmal fluid 

The general prmciples to be followed for accomplishment of 
rehef of pressure with the least possible disturbance of the spmal 
column should be followed No more bone should be removed than 
IS actually necessary for relief of pressure Swellmg of the cord aris- 
ing from contusion usually will require that the dura be mcised 
and left open 

The wound should be closed m layers without dramage After 
cervical lammectomy the head, neck, and upper part of the thorax 
should be immobilized by the application of a plaster cast which 
extends to the lower thoracic region 

If cervical dislocation has not been reduced prior to operation, 
skeletal traction achieved by skull tongs, as previously described, 
may be applied after lammectomy In the thoracic and lumbar re- 
gions, the advisability of hyperextension after lammectomy can be 
determmed m consultation with an orthopedist 
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GENERAL MEDICAL AND POSTOPERATI^’E: CARE 

Whether or not operation i» performed, general care of the pa- 
tient a much the tame and a of great nnportance. Compheationi are 
prone to develop, and not only may they »enouily retard improve- 
ment m the condition of the letion m the cord, but alio they may of 
themielve* conrtitute a menace to the patient i life 

Drugs 

In the p oa topmafave period, morpftme taJfate ahoxxld be given 
freely if nece**ary and aul/arnJamnfe or ita derivatives should bo 
administered regularly m doses of 1 gm. (15 grams) every four hour* 
if possible. Tetania aniitaan (1500 units) should be administered 
munediately after operation, with due precautions if tetanus anfa- 
toiin has been administered previously 
The Wound 

In the presence of infection, adeipiate drainage is essential. Drams 
and paclci should be removed very gradually porticulafly if a fistula 
which drams cerebrorpmal fluid is present The surgeon should not 
hesitate to reopen part or all of the wound. Unexpected or tmex 
plamed elevation of temperature, chlUt, pain, tenderness, stifinets 
of the neck, or severe headache may be indications for this procedure. 
The Skin 

When the cord is injured, the sldn, robbed of ha sensation and 
its “trophic’’ innervation as well, is extremely sensitive to pressure. 
Large and deep decubitus ulcers will develop over every bony pr om i- 
nence unless the most meticulous precautions are taken. Frequent 
change# in position (at least every two hours, without twisting of 
the spinal column) and a smooth bed kept perfectly dry are es- 
sentials. Rubber rings and gauxe “doughnuts* placed under pressure 
areas are unnecessary if the aforementioned measures are carried out 
carefully Best of all aids is an air mattress, together with plenty of 
piillowi which are built up under the patient’s and to 

that the heels hang free. Air cushions may p rotect against pressure 
over the sacrum. 

The tkm should be rubbed with a mixture of alcohol and cam- 
phor If pressure necrosis develops, careful local treatment, with 
removal of necrotic tissue and appropriate disinfection, is required. 
Every efloct should bo made to prevent infection. Treatment of 
ulceratioc by lummoui heat and xnfra-red irradiation is of some help. 
The development of bed sores predisposes the patient to orologic in- 
fection and largo bed sores are likely to be fatal 
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or by gentle pressure with cotton. Troublesome extradural veins may 
require that strips of muscle be placed under the edge of the bone 

A soft, small catheter should be run gently upward and downward 
withm the dura If further obstruction exists, the bony opening is 
elongated 

If the injury is very recent and the wound apparently is clean, 
an effort should be made to close the dura with fine silk If the wound 
has not been seen soon after infliction, or in the presence of exten- 
sive damage to the dura, it may be left open, the cord being covered 
with a thm sheet of animal membrane, if this is available, but care- 
ful closure of the overlying muscle must be carried out When the 
cord IS exposed m the presence of obvious mfection, the dura should 
be left partially open and a Penrose drain mserted to the depth of 
the dura A skm suture should pass through the edge of the dram 
to prevent its slippmg in too far 

For Fracture-Dislocation — The attachment of the muscles to the 
lammae must be separated carefully and the laminae removed This 
must be done without disturbance of the relationship of the fracture- 
dislocation to the injured portion of the cord It is better to remove 
the bone above and below the site of dislocation, so that the point 
of greatest dislocation is approached gradually Removal of fluid 
below the zone of compression and the substitution of air for it 
will be helpful in determination of the lower level of subarachnoid 
compression at the time of operation As soon as the lower limits of 
compression are reached, the air will escape from the subarachnoid 
space The upper limits of compression are determined by the free 
escape of spmal fluid 

The general prmciples to be followed for accomplishment of 
relief of pressure with the least possible disturbance of the spinal 
column should be followed No more bone should be removed than 
IS actually necessary for relief of pressure Swellmg of the cord aris- 
ing from contusion usually will require that the dura be mcised 
and left open 

The wound should be closed m layers without drainage After 
cervical lammectomy the head, neck, and upper part of the thorax 
should be immobilized by the application of a plaster cast which 
extends to the lower thoracic region 

If cervical dislocation has not been reduced prior to operation, 
skeletal traction achieved by skull tongs, as previously described, 
may be applied after lammectomy In the thoracic and lumbar re- 
gions, the advisability of hyperextension after lammectomy can be 
detennmed m consultation with an orthopedist 
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and may retult in niptiffe of the bladder If a catheter is passed 
to determine whether or not obstruction is present, however, infection 
may bo introduced thereby and the purpose of the method may 
be defeated. 

TbJel Dredneie — In cases m which incomplete paralysis is pres- 
ent, but in winch there is tome hope of recovery the “tidal dralnaKe“ 
method, although somewhat complicated, is advocated by many 
The apparatus consisti of a reservoir containing talme or bone acid 
tolution so connected with an mlymg catheter by meaiu of a “Y 
tube" that moderate Intravesical pressure will result in overflow and 
srphonage of the contents of the bladder at regular intervals. If such 
an apparatus is unavailable, one end of the Y tube should be con 
nected to a stenle bottle which contains an irrigating fluid. Irriga 
tion should be earned out by this means every two days, and the 
catheter changed once a week. The patient should receive niIJ*thie~ 
so/a 7^ grams (0.5 gm.) twice dally as a prophylactic measure. 

Paralysis of the bladder among female patients can be satisfac 
tonly treated by the rosertioo of an Indwelling catheter and the 
daily instillation of antiseptic solutions. 

The Bowel 

The lo w e r bowel, like the bladder may be paralysed. Patients 
who have such paralysis should receive mineral oil regularly and 
usually wili require, rather frequently strong cathartic agents or 
high cleansing enemas. Fecal impactions may ne ce ss i tate manual 
removal. 

Abdoataial Dittention. — This is e very common accompaniment 
of severe injury to the spinal cord. In some cases it is so marked 
as seriously to aflect respiration among patients whose respiratofy 
mechanism already is unpaired. Tim complication may be very dif 
flcult to controL It varies greatly among patients who appear to have 
simil a r types of lesions. A measure of relief may be obtained m 
some cases by the msertion of a rectal tube. The hypodermic injec 
tkm of prosrigmmo (1 cc. as an initial dose, with the subsequent ad- 
ministration of 0-5 oc every four hours), u effective in many of soefa 
cases. Estimaboos of blood pre ssur e should be made frequently 
while prostigmiue Is being administered. 

Food and Fluida 

Tlwro m no dintary rertrictloM (unlen the abdominal or thor 
ndc viicnt. aim hsvo been injured) Pending diould bo begun nn- 
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The Bladder 

Care of the paralyzed bladder is always a problem m the man- 
agement of mjunes of the spmal cord, particularly among male pa- 
tients The cooperation of a urologist is highly important. In the pres- 
ence of severe injury paralysis of the bladder usually is complete 
There are retention of urine and, often, anesthesia. In milder injuries 
of the cord there may be retention associated with a sensitive bladder, 
so that evacuation of the bladder is required to prevent painful 
distention Several methods for the care of the paralyzed bladder 
have been used, none of which is entirely satisfactory. There is still 
much controversy as to the method which produces the best results 

Suprapubic Cystostomy — This can be done as soon as it is de- 
termmed that paralysis of the bladder is permanent or that the 
return of vesical function will be greatly delayed There should be 
no leakage around the dramage tube after performance of this pro- 
cedure The method is especially applicable in cases m which infection 
already has arisen from catheterization, but it is also preferred in 
cases m which cathetenzation has not been done. Cystostomy should 
be earned out as soon as the patient’s general condition permits it, 
and m many cases anesthesia is not required Prevention of cystitis 
with ascending mfection, and the development of an automatic or 
“cord” bladder from which periodic overflow takes place when the 
pressure reaches a certam level, will perhaps be accomplished more 
often by this method than by any other. An automatic bladder is 
desirable if recovery of vesical function is not expected The de- 
velopment of an automatic bladder depends on the general condition 
of the patient Automatic action of the bladder will not develop 
among patients seriously ill from sepsis caused either by bed sores 
or by urologic infection 

Allowmg the distended bladder to overflow without catheteri- 
zation IS strongly advocated by many as the method of choice Rapid 
renal damage due to back pressure and renal mfection due to back 
flow may result but the danger of infection from frequent catheteri- 
zation IS even greater If early transportation is necessary, an mdwell- 
mg catheter should be left in place and irrigation of the bladder 
earned out as noted previously If prolonged observation is possible, 
the proper course to take depends on the likelihood of the ultimate 
return of vesical function Overflow may be facilitated by produc- 
mg gentle massage of the suprapubic region The mam objection 
to this method of produemg overflow is the possibility that organic 
urethral obstruction is present, if it is, it will prevent the overflow 
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Chordotomy 

If intractable pabi makea the patient’s life intolerable, he ibould 
not bo abandoned to drug addiction. Section of anterolateral tracts 
will bring relief It should be performed only by an experienced 
neurosurgeon. ^ 

Treatment of Chronic Osteomyelllis 

Per s istence of drainage m a spinal wound should excite suipiaon 
of osteomyelitis. Removal of sequestrated fragments of bone often 
will result in prompt healing. 
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mediately Fluids should be forced to a moderate degree to restore 
the depleted reserve and to combat urinary infection, but not suf- 
ficiently to prevent the maintenance of an effective concentration 
of sulfanilamide in the blood An intake of about 2500 cc of fluids 
per twenty-four hours is a satisfactory compromise Ingestion of a 
high-protem diet is essential for prevention of hypoprotememia 

Pulmonary Complications 

Pulmonary complications constitute a constant threat m mjunes 
to the spinal cord, particularly if the injury has occurred at the mid- 
thoracic level or higher, producing widespread paralysis of the 
muscles of respiration The frequent changing of the patient’s posi- 
tion which IS required for the prevention of bed sores also will do 
much to prevent pulmonary complications in these cases When le- 
sions are situated high in the cervical region, with involvement of 
the phrenic nerves, the outcome nearly always is fatal The accumu- 
lation of bronchial secretion in the airways should be removed by 
suction Threatening failure of respiration which sometimes occurs 
m the presence of lesions situated high in the cervical region may 
require the use of a respirator 

Contractures of Extremities 

Contracture in both the upper and lower extremities may occur 
as a result of mjury to the spinal cord Every effort should be made 
to prevent contracture by splmtmg, physiotherapy, and such other 
measures as may be determined by the orthopedists 

LATE TREATMENT 

Patients who have spinal injuries frequently will be invalids 
permanently Their lives may be prolonged and their suffenng dimin- 
ished by proper late treatment. The therapy of the bladder already 
has been mentioned Certain other measures also may be of impor- 
tance All of them should for the most part be carried out in hospitals 
of the mterior to which the patient is finally evacuated 

Physical Therapy 

In cases of incomplete damage to the cord, spasticity and pam 
may be partly alleviated and return of function enhanced by passive 
motion, massage, and hydrotherapy So-called muscle reeducation and 
the use of appropriate braces, crutches, or a wheel chair may return 
the patient to some measure of usefulness 
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a central protniricm of the dole The pain Is usually accentuated 
by sneexin^ and straining at stooh and In about a fourth 

of the cases the pain is sufficiently s e ve re at night to Interfere with 
sleep. In a high percentage of cases, the patients complain of pares- 
thesia m the mvolved leg or foot. Although rest m bed and the 
applicabon of heat and massage to the muscles of the bade may 
serve to give the patient relief of pam for a time, if a true protru 
Sion of the dl«V Hak occ ur red, the symptoms tends to recur 

Neurologic Examination 

On examination the patient with a protruded lumbar disk often 
walks with a distmct limp with the trunk listed away from the side 
of the pain- Rarely be may list toward the side on which the pain is 
situated. There is a loss of lumbar lordosis. The erector spinae muscles 
are spastic. Tbe motions of the spinal column are limited and hyper 
extension ti usually exquisitely palnfuL Kemlg's sign Is often posi- 
tive, and lifting of the straight leg usually is limited and painful, 
the pain being referred along tbe posterior aspect of tbe thigh and 
xn the hnsbotacral ref^oa 

In a few cases some sensation is lost over the lateral aspect of 
the mvolved calf or over tbe lateral and dorsal aspects of the Involved 
foot, or over both calf and foot in the areas named. In many cases 
of pro tru sion of the lumbosacral disk patients have a diminution or 
absence of the Achilles tendon reflex on tbe side of tbe pain, al 
though the reflex may be dimimsbed or absent m cases of protrusion 
of a disk as high as the third lumbar Interspace. 

Spinal Puncture and Roentgenologic Examination 

On diagnostic spinal puncture, the concentration of total protein 
m the spinal fluid is more than 40 mg. per 100 cc. in approximately 
two-thirds of the cases. A low value for tbe total protein does not 
exclude the lesion. The diagnosis may bo confirmed in tbe majority 
of cases by the use of a contrast medium, such as air or radiopaque 
oil C^igs. 13 14) Tbe accuracy of air does not approxnnato that 
of radiopaque oil but it has tbe distinct advantage that no radiopaque 
substance is left in the spinal subarachnoid space aryj air i* much 
less imtatlng than tbe ofl.* The finding of a defect at tbe level at 
which a lesion could and would produce tbe symptoms of which 
the patient complsins is usually sufficient to confirm the diagnosis 
(Fig. 15) Ordinary roentgenograms of the spmal column without 

* With lacf — ikif •xp«ii«nc* In oalsc air or oxytn n 
•ill ba foand to appr oit mata tha acenraqr of oil 
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to which their backs had been subjected was that which might result 
from extensive automobile riding An illustration of this was a travel- 
mg salesman whose duties required him to drive his automobile 
100,000 miles a year If a man ridmg in a pleasure car has his 
back jolted sufficiently to cause a protrusion of an mtervertebral 
disk, it IS easy to see how a soldier operating a tank or a pilot dive 
bombmg or landing on an airplane earner might subject his back 
to sufficient stress and stram to produce a tear in the annulus fibrosus 
of the mtervertebral disk with or without a tear m the posterior 
longitudinal ligament. This, in turn, would be sufficient to permit 
fragmentation and extrusion of a portion of the intervertebral disk 
mto the spmal canal with a resultant nerve-root compression It would 
seem logical also that parachute troops might occasionally injure 
their intervertebral disks m landmg If the force of landmg should 
be directed agamst the buttocks with the back in flexion, mjury 
of the intervertebral disk would be expected Many patients are 
seen m civilian practice whose symptoms, caused by protruded mter- 
vertebral disk, began directly after a fall in the sittmg posture A 
good example of such injury is that which occurs when one slips 
on the icy pavement and sits down suddenly Also, mjury of the 
disk has been known to occur m cases m which individuals were 
pullmg a heavy object toward them while walkmg backward In 
these cases resistance suddenly was overcome and the sittmg posture 
was assumed unexpectedly 

Onset and Distribution of Pam 

The pain of which these patients complain is usually m the 
lower part of the back, and at a varymg time after the onset of the 
low pack pam the pam is usually projected along the distribution 
of one or the other sciatic nerve At the time of mjury to the 
disk, the patient may feel or m rare cases even hear a snap m the 
back At times, the patient even complains of loss of power m the 
lower extremities at the time of the onset of the protrusion, but more 
characteristically he has backache and after a period of a few days 
to a few weeks the pam extends down one sciatic nerve The pam 
IS usually unilateral because the central portion of the posterior 
longitudmal ligament is the strongest portion and the fragment of 
cartilage tends to be protruded to one or the other side of the spmal 
canal and impinges upon the nerve root crossing the disk at that 
pomt. Rarely, the patient may complam of bilateral sciatic pam, 
particularly if there is an unusually large fragment of cartilage or 
if the central portion of the ligament has given way and permitted 
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TREATftfENT 

Th« treatment of protruded intervertebral dak a removal of 
the protruded portion of the abnormal dltk, which a pressing on the 
n er ve root or spinal cord (Fig. 16) Coruervafivo treafanenf consists 
of strapping the lumbosacral region with adhesive tap© or of rest in 
bed on a bard (boards under mattress) the application of 
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beat and massage to the lower part of the baclt, and the use of bilat 
eral Buclrt extension on the legs. This should be tried for two or three 
weeks before considering svirgical treatment unless there is 
able evidence of injury of nerve roots or the spinal cord, such as com 
plete absence of the Achilles tendon reflex, loss of control of defeca 
Oon or micturition, or the presence of anesthesia of the ■Vm of the 
Involved region. 
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Fig 13 — ^Anteropostenor roentgenogram of the lumbosacral region after the 
cerebrospinal fluid in the spinal subarachnoid space has been replaced with air 
One may note the shadow of the cul-de-sac deformed by the protruded lumbo- 
sacral disk 

Fig 14 — ^Defect in the shadow of radiopaque oil caused by protruded lum- 
bosacral disk. 

Fig IS — Defect m the column of radiopaque oil caused by a protruded 
lumbosacral disk which had resulted in intractable sciatic pain. 


p,g 16 Fragmented cartilage which protruded from an intervertebral disk and 

produced pressure on the nerve root. 

a contrast medium are not diagnostic Narrowmg of an mtervertebral 
mterspace may be suggestive but it is not pathognomonic 
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tt *migly fitting canva* cortet to fiipport the back, particularly of 
parachute troopa, dive-bombing pilots and those pilots whose duty 
necessitates their being catapulted from a ship and landing on an 
airplane carrier and tank drivers, might serve to protect the vuh 
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th# IcmtaM of th» •djolnliic T«rt*br»* by ismiu oi a .tt,.!! enrrad perloitoal 
aJarator la ewrUr to axpoM th# ondarlyiiic conipi'aaaaJ uacra root; b tha pco- 
trwUd portion td tba Intarrertabral diA may ba m«d batwa«n tha common dnral 
tac. and tba cornea awad narra root baa baan dJtplacad latarally and poatarlcrfy; 
c, tba jwotradad pordoo of tha Intarrartabra] dJafc baa baan racwrad and tba 
narra root hai bean ralirvad of praarm a 

nmble Iowa- part of the back and prevent mjunei to the interverte- 
bral diik end poetonor longitudmel ligament and tberefore docrenao 
the number of protruded fatervertobral dliki which may otherwne 
occur 


[Nota The ilhwtradom and much of tba tart of tbb chaptar aptwarad in 
ardcla by Dr Lora in *^ar Madldna,’* 2 403 (May) 1942.] 
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Laminectomy 

Laminectomy (Figs 17, 18) is the surgical procedure which is 
most often employed After one has had considerable experience with 
this lesion, the protruded disk or disks may be removed m about 
80 per cent of the cases without the sacrifice of any bone, that is, 
the ligamentum flavum at the mterspace where the protrusion is 
situated is resected (Fig 19) Then the nerve root is retracted toward 
the midlme and the protruded disk is removed without resecting the 
lamina Adequate exposure, however, is essential The patients are 



Fig 18 — Hemilamuiectoray for the exposure and removal of a protruded disk 

usually kept m bed approximately two weeks if laminectomy has 
been performed, whereas, if no bone has been removed they are 
allowed up and around usually after five to seven days They should 
avoid heavy liftmg and strainmg of the back for a period of three 
months after the operative removal of the protruded disk. 

PROPHYLAXIS 

Smce most of the protruded mtervertebral disks seem to occur 
while the patient’s back is m flexion with unusual stress and stram 
on the back, it would seem that if some support were applied to 
the lower part of the back some of the protrusions could be pre- 
vented. A snugly flttmg belt of the so-called sacro-iliac variety or 
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a aimgly fitting canvas corset to support the bade, parbculaily of 
parachute troops, dive-bornbmg pilots and those pilots whose duty 
necessitates tbeir bemg catapulted from a ship and landing on an 
airplane earner and tnnV drivers, might serve to protect the vuL 



n*. 19 — R«c3iOTal of • protmdod tntorrwtobrol dbk without th* vactlAc* 
of uy boDo* «, th* thickmod hbrotic Usnwatusi fljrrum baa boon art « w «y from 
tb« IiTTilnoi of tb« ■djoUtlac T wUb t— hj of « en i t e J pvrloftoal 

^OTstor In order to oxpOM tb« tind«rlylji( coxopranod cf ? o root; b tbo iiro> 
trodod portloQ of tbo Istorrortobro] dUk mmT be mop b e t w oeii the nynmm danl 
MC, end the comprewed narrt root bn been dUpUced UtereUy end potviorlT' 
0 , the protroded pordao of tb* Interrertobrel disk h«s been remored, the 
oerre root bes been roUered of p nunre . 


nerable lower part of the back and prevent injuries to the mt er ver t e- 
bral disk and postenor kmgitudmal bgament and thereJoro decrease 
the number of protruded intervertebral which may othefwis© 

o<xur 

[Note Tbe IHuttretloat end mocb of the text of thii chepter eppeered In 
KO ertitle by Dr Loe% In •^er Medldne” 3 403 (M*y) 1942.1 
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INJURIES OF PERIPHERAL NERVES 

BYHON STOOKE\ MJ), and JOHN SCARFF MJ5 


INCIDENCE OF INJURIES OF NERVES 

FROM ftatistict of caffualdei tn tho wax of 1914-1918 it has be«n 
found that injuries to peripheral nerves cons ti tuted approzimately 
2 per cent of all injuries. The Incidence of nerve injuries in wounds 
of the extremities, however is relatively high« being abotit 18 per 
cent of all extremity wounds (Table 1) 

Table 1 — -Iwcipewce of Most Common Iwjtjiubs of 
Pkriphkral Nerveb 



Fraxler 

Foecater 

Pollock and 

Darla 

Bonw and 
Carter 

Nrrrr 

1390 U.S. 

3907 Oerman 

985 U.S. 

140« Britiih 


AnoT 

Army 

Army 

Army 


1 Injuria 

Uosculospirsl 

510 

930 

165 

204 

Uetfisn 

209 

800 

93 

241 

Ulnar 

491 

743 

13« 

527 

Sciatic 

551 

513 

100 

121 

Pcrooeal 

395 

1S3 

120 

97 

TIbUl 

35 

113 

25 

16 

Circumflex 


83 

7 


Mtaculocota 





neon 


71 

4 


Anterior crural 


30 

19 

5 


ANATOMY 

The surgical treatment of nerves must at all times tntw into con 
skleration the embiyologlc development of the nerves. Whether they 
bo crmlal, ipm.!, or lympatbotic, all tho norvei ihould bo rogordod 
81 
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With the same consideration and handled with the same delicate 
manipulation that they would receive were they still within the 
central nervous system, of which they are an integral part No sur- 
geon would attempt to handle brain and spinal cord as if they were 
muscle and tendon Measures of repair applicable to mesodermic tis- 
sue obviously would not be applied to the central nervous system 
Nor would they be employed in the peripheral nervous system if it 
were appreciated that that system is made up of the same cells, de- 
rived in the same manner, and having approximately the same limita- 
tions, as the central nervous system itself. 

Composition of Nerves 

The typical nerve is made up of three groups of fibers, each 
with a separate origin — the efferent or motor ffbers, derived from 
motor cells of the ventral column of the spinal cord or from the 
cephalic continuation of this column into the brain stem, of afferent 
ffbers derived from ganglion cells of the spinal or cranial ganglia, 
and of postganghoruc ffbers from the sympathetic system (Fig 20), 
The efferent fibers leave the spmal cord along the paraventral sulcus 
to jom the fibers from the distal part of the dorsal ganglia, thus 
forming the mixed nerve Those from the ventral part of the spinal 
cord to the point of union with the dorsal ganglion fibers form the 
ventral root, the dorsal root is formed by the fibers which leave the 
dorsal ganglia to enter the spmal cord at the paradorsal sulcus Sep- 
arate motor and sensory roots are found in one or two of the cranial 
nerves, namely, the trigeminal and facial — the portio minor of the 
fifth cranial nerve constituting the motor root and the nervus inter- 
medius the sensory root of the seventh cranial nerve The efferent 
and afferent components of the glossopharyngeal and vagus nerves 
enter and leave the bram stem together, but separate within it 

Immediately after union of the dorsal and ventral roots, the spmal 
nerve redivides mto primary ventral and primary dorsal divisions 
The latter passes backward, it does not enter mto the formation of 
any of the plexuses for the supply of the musculature of the limb 
but, by union with the nerves immediately above and below, forms 
simple dorsal plexuses for the supply of the dorsal-axial musculature 
and overlying skin 

The primary ventral division passes lateroventral to supply 
the lateral and ventral axial muscles and, in the region of the de- 
velopmg hmb bud, forms the limb plexuses by redmsion mto sec- 
ondary dorsal and ventral divisions In addition, the primary ventral 
division contnbutes preganglionic sympathetic fibers to the sym- 
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pathetic lyitem. The preKansUonic fibers terminate m sympatbebc 
ganglia and are relayed by postganglionic lympathetic fibers to tbtir 
ultimate distribution, aome of them tfarougli the perrpheral nerve*. 
The sympathetic afferent fiber* are derived from the dorsal tpmal 
ganglia and pass via the sympathetic ganglia directly to the visceral 
structure* from which the> carry sensation. These fibers to the sjrn- 
pathetic system pass thnwigh the white ramus communican*. The 



Fl*. 20 — tkbenude drmwlnf of « tjrplcal vpliHl iMnr«, lli com- 

I»aiwnt ffben (Stoolc^T lo N«Uon* Loov^-LmI &art*i7 VoL 2. Them** Nslseo 
cod Sobs) 


postganglionic sympathetic fibers for the supply of the blood vessels, 
sweat glands, and so forth, of the tnmL and Innbt pass to the spmal 
f'wve* thnnigh the gra> ramus communican*. These fibers are derived 
from the sympathetic neuron* of the sympathetic gnng lf . The penpb- 
cral nerves ore thu* made up of two types of neuraxe* thene from 
the central nervous sj-stem and those from the sympathetic nervous 
system. The majority of the former ore meduUaied, while the latter 
•re fine naameduHated fibers. Each neuraxa of a slender 
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outgrowth which extends from its cell of origin to its distribution 
Thus, one fiber of the sciatic nerve extends from a ventral motor cell 
of the lumbar portion of the spinal cord or a lumbar spinal ganglion 
to the most distal parts of the lower extremity, m some instances 60 
to 70 cm 

Nerve Fibers 

The neuraxis, or nerve fiber, is made up of neurofrbnls embedded 
in a semifluid neuroplasm and surrounded by a delicate membrane 
— ^the axolemma In addition, some fibers have a medullary cover- 
mg consistmg of myelin, which is a chemical substance composed 
chiefly of lecithin, enclosed within a nucleated sheath called the 
neurolemma or “sheath of Schwann,” These fibers are known as 
medullated fibers Others, devoid of myelin or medullary substance, 
but having an outer nucleated sheath similar to that of Schwann, 
are known as nonmedullated fibers 

The function of the myelm is little imderstood. It is known, how- 
ever, that it IS not essential to conduction of the nerve impulse, 
smce impulses are <;arried by nonmedullated as well as by medul- 
lated fibers, withm both the central and the peripheral nervous 
systems 

Both medullated and nonmedullated fibers are grouped mto 
bundles m the nerves These bundles, called fumcuh, are m turn 
grouped mto a larger bundle surrounded by a covenng of connective 
tissue called epmeunum, this is derived from the surroimdmg meso- 
dermal tissue, which has penetrated between the nerve fibers and 
nerve bundles during their early growth and surrounded the nerve 
The connective tissue between the nerve fibers is known as endo- 
newium, that between the nerve bundles as perineurium 

Blood Vessels of Nerves 

As the mesodermic mgrowth mto the bram and spmal cord car- 
ries in the blood vessels, so does the mesodermic mgrowth mto 
the nerves carry their blood vessels Blood vessels are nchly scat- 
tered throughout the endoneunum, permeurium, and epmeunum, 
and receive collaterals throughout tlieir course In some instances 
a nerve has its own special artery as, for example, the sciatic nerve, 
but even this receives contributions from the neighboring vessels Ap- 
preciation of the rich vascular supply to the nerve is important, 
smce extreme stretching of the nerve trunks to gam end-to-end ap- 
position IS likely to cause widespread rupture of the delicate blood 
vessels, with extensive mtraneural hemorrhage, leadmg to secondary 
organization and mterstitial sclerosis 
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Funicular Anatomy 

Within the nerve* there i* *md to bo a definite anatomic ar 
rangement of the funiculi, cei ta m funkruli being deitmed to certain 
mufcle* and having throughout the nerve trunk a conrtant and known 
position from their ongm to their ultimate distributioii. The view 
moet widely accepted at present is that, except "for one or two funi 
mil such as the bundle to the pronator teres, m the median nerve, 
a definite funicular arrangement ts found only within a short distance 
of the point at which nerve branches are to be given off 

Morphologically, the funicular arrangement vane* with each 
cro**-*ection, to that if 2 4 or 6 cm. of the nerve trunk are excited, 
the fumculi appearing in each section show a different arrangement 
above and below In contequence, clinical identification of cor 
responding funlcuh would be impossible where there had been a loss 
of substance of 2 4 or 6 cm, or more. The proponents of funicular 
anatomy however have served to empbasixe the tremendous unpor 
of attempting accurate approximation without rotation of ffie 
nerve trunk. By reducing axial rotation to a minimum and fanngmg 
the medial aspect of the central end opposite the medial aspect of 
the distal end, more accurate approximation and less distortlOD of 
the funiculi result Though tome distortion u prac ta cally unavoid 
able, the more careful the avoidance of axial rotadon, the more 
nearly will funicular approxi mation occur 

DEGENERATION AND REGENERATION OF NERVES 

Injury to a nerve trunk a followed by changes in the nerve fibers 
distal to the mjury m the nerve fibers a few miUimeteri proximal 
to the injury and in the cell bodies of the injured fibers. In addition 
to changes in the neuron, evidences of mjury are fotmd in the ueu- 
rolemma which ensbeathes the nerve fibers m the myelm sheath 
and, m later stages, in the connective-tissue cells of the endoneurium 
and perineurium (Fig. 21) Changes are found, also, m the endings 
of both afferent and efferent fibers, m the peritermmal network 
about the motor end-plates, and in sldn, muscles, t«v1r.n s, nnij bone* 
which an injured nerve suppUea. Injury to a nerve is thus followed 
by widespread secondary changes extending from the central nerv 
oui system to the most peripheral jiarts of the neuron and to tissue* 
which the nerve tuppUea. 

It was early appreciated that change* occur m the nerve distal 
to the injury that conduction cease* to take place, and that the 
nerve appear* grayish and less gUitening (Amemann, 1787) It was 
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Pjg 21 Degeneration of nerve fibers a. Distal stump of nerve cut three 

to five days previously (osmic stain), b, distal stump of a nerve partly cut 
twelve to fifteen days previously (osmic stain) Normal fibers and two nodes of 
Ranvier are shown at the bottom, c, distal stump of a nerve cut twelve to fifteen 
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not until 1852, however that Waller demonitrated that the nerve 
fiber* were outgrowths of the nerve cell and were dependent on it foe 
their cutntioTL He described definite changes m the fiber* following 
Injury to which the name wallenan deieneratton ha* been given- 

Degenerative Changes in Distal Segment of Nerte Following 
Injury 

Degenerative changes occur in the nerve fiber*, the sheath cell, 
the myelin, and the connectivc-tMsue covering of the nerve, a defimte 
i>nd more or less constant sequence of event* taking place coordi- 
nately in the various tmue*. At first no change* in the nerve fiber* 
may bo noted beyond the immediate point of mjury but, within two 
or three days, beginning granulation and vancositle* of the nerve 
fibnl* are ob se rved m most fiber* throughout their length distal to 
the injury including the terminal arboriiabons. By the end of the 
third week nearly all remnants of the neurofibnli are lost except, per 
baps, for a few •cattered granulea. 

Comddent with the change* in the nerve fiber*, change* are found 
in the myelin. These consist first of an irregular outline, followed by 
Irregular segmentaticm and formation of discrete, irregular fragment* 
of myelin. At the same time that degenerative change* are seen in 
the nerve fiber* and myelin, again, important productive changes 
are taking place m the neurolemma cells- A marked Increase in the 
protoplasm and m the nuclei occur*, with the appearance of granule* 
in the protoplasm. 

During the early «tagei of degenerabon the *heath cells surround 
the myelin globule* and the neurofibrillary remain* and appear to 
remove these. The removal continue* for eight or ten week* after 
Injury imbl gradually the neurolemma cell* are free of all products 
of myelin and neurofibrillar degenerabon. 

Degenerative Changes In Proximal Segment of Nerve Following 
Injury 

The degenerative changes m the central end, other than those 
•een at the immediate point of mjury which may bo considered 
traumatic, depend Kimewhat on the nature of the injury as well as 
on it* proximity to the cell body Tearing of the nerve and injurie* 
near the cell body cause greater degenerative reaction than occur* if 
the nerve is sharply cut or if the mjury Is remote from the nerve cell. 

prwTlowly (oBnlc and iroo b*m*toiyHn rt*in) In »idltioo to 

1^ myelin, mtctoI band &b«n •trf th«Ir ntidd (aj at n) bto 

(Btnxig and Elwyn B*J1*t'* T«irtbook of Hlrtnloty WHUaou and WU- 



88 NEUROSURGERY AND THORACIC SURGERY 

If the injury is severe and close to the nerve cell destruction of the 
cell, without regeneration, may occur Thus, after severe injury to a 
nerve, and especially if the injury is near the cell body, destruction 
and complete degeneration of the neural elements m both the cen- 
tral and distal ends may take place, the degeneration extending from 
the cerebrospmal axis to the most peripheral terminal arborization 

Regeneration of Neuraxes 

Immediately following injury to the nerve fibers of the central 
end, fine new branches from the neuraxes may be seen, showing 
slight growth for a few days This may be looked on essentially as 
a local reaction to the injury and as more or less of an abortive 
attempt at regeneration Withm three to five days m the case of 
medullated fibers, and in about ten to fourteen days in the case 
of some of the nonmedullated fibers, regenerative changes are seen 
at a slightly higher level than that of the immediate abortive re- 
generative efforts Withm ten days the regenerating nerve fibers may 
be found within the connective tissue between the central and distal 
ends 

So long as the nerve fibers are in the central end they assume 
a more or less parallel and orderly arrangement within the old sheath, 
except that now and then the fibers are spirally arranged about the 
neuraxes from which the branches are derived, forming a character- 
istic mass of regenerative fibers with occasional end buds When 
the scar tissue at the point of union is met, the fibers lose their 
orderly arrangement and are seen as irregular masses Some may 
escape into surroundmg tissue and become lost, others pass through 
to reach the distal end, withm which they again assume a smooth, 
parallel, and orderly course In most instances nerve fibers can be 
found m the proximal end of the distal stump within ten days, but 
this depends on the accuracy of the Ime of suture and the degree 
of scamng — a longer time being required when suture is imperfect 
and the scar thick. 

Study of serial sections at the line of suture emphasizes the im- 
portance of leaving the least possible opportunity for formation of 
scar between the nerve ends There is no evidence to indicate that 
selectivity and rearrangement of the nerve fibers take place at the 
Ime of suture The evidence would seem to point to the fact that a 
larger number of neuraxes are sent out from the central end than 
was origmally to be found Downgrowth is attempted by all — these 
neuraxes, efferent and afferent nerves traversing each other’s chan- 
nels probably as far as the muscles and the skm Those efferent fibers 
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which reach tmaclet form motor end plate*, whilo tbofo which reach 
•etuory areai, finding no funchooal arborizatlOQ to be made are 
puihed eaido end replaced by fibem which can e*tabh*h functional 
connection* (Table 2) 

Table 2. — ^Factors Governino Prognosis and Time of Reoen 

ERATION OF VaIUODS NeRVES 


Vcflanta exitroIEnc icteueritiaD (1) nerve Injured (2) level of lojurj (3) 
mecfaenla of totore (4) coatfitiqp of nerve ends (5) ccadttko of woond and 
aerro bed (6) interval b e t N s e eo InjwT mime . 


Approximato T}mo for Expectant Evidence of Retfeneratton 


Nerve *ad Level 

Under Oood Coodltiocia 
(Months) 

Under Poor CoptfltiQcs 
(Months) 

Ha>caloctit*&eoQi 



AxEU 

5-6 

8-10 

Moaotopiral 


1 

Middle third «nn 

r-« 

14 

Lever third tnn 

6-r 

12 

Uhutri 



Wrist 

5-7 ' 

10 

BSbosr 

10-12 I 

16 

Asltlk ' 

15-16 ' 

22 

hfedl*ni 



Wrist 

4-5 


Elbow 

8 -^ 


A*iiu 

12-14 


Sdstic 



Uhldk third thith 

10-12 


Upf« third thi(h 

12-14 

22 

PerooesL 

Head of 



Pr^iUtcal space 


16 

TIbUl 


PopOteal space 

11-12 

17 


In rejraonihon of tbo nervofc aU flhon, whether originaUy medul- 
lated or nonmeduUated, appeer at But devoid of myelin. Only later 
doea myelm appear begmnmj centrally and proceeding toward the 
more datal portion. Thua, myelin h leen firat m the older parta of the 
regenerated fibetv It la intereating to note, in tUa connectian, that 
regeneration of the motor end platea and of the muacle, and the 
mtura of aome volftlonal control, taka place before myalmfiatlon 
a to b« foomL 
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Downgrowth of nerve fibers with nerve transplants, whether the 
transplants be autogenous, homogenous, or heterogenous, occurs m 
essentially the same manner as when end-to-end suture is done, ex- 
cept that two lines of scar tissue must be passed Connective-tissue 
union of the transplant and nerve ends occurs at both pomts of suture 
No special unfavorable connective-tissue or fibroblastic response is 
found m heterogenous nerve transplants, although the reaction is 
greater m these than in autogenous and homogenous transplants 
When autogenous cable transplants are used, connective tissue is 
found growing about them and between them, convertmg the cable 
transplant into a single nerve trunk The neuraxes penetrate the 
sheaths of the transplant and grow mainly through them to the distal 
end Some may be met within the connective tissue between the 
fibers of the transplant The arrangement is orderly and parallel, 
bemg essentially the same as when nerve fibers have reached the 
distal end after end-to-end suture The rate of growth is approxi- 
mately that found m end-to-end suture, depending on the precision 
of the suture and the nicety with which end-to-end approximation 
of the graft is made 

CLINICAL MANIFESTATIONS OF INJURY TO NERVES: 
GENERAL CONSIDERATIONS, METHODS 
OF EXAMINATION 

History and Nature of Injury 

The location and nature of the mjury, whether it be a sharply 
mcised wound, a contused wound, or an injury due to considerable 
violence, are important and influence materially the decision as to 
whether operation should be attempted or withheld One person, 
riding on a motorcycle, strikes a telegraph pole with his shoulder 
and total paralysis of the brachial plexus results Another receives 
a blow from a club over the arm, with paralysis of the musculospiral 
nerve Obviously, injuries produced by forces of such different char- 
acter themselves differ both in extent and m pathologic characteristics. 

Time of Paralysis — ^It is important to inquire of the patient 
whether he noted immediate paralysis of the muscles supphed by 
the mjured nerve or whether paralysis came on gradually Fre- 
quently the patient is unable to answer this question but, if an ac- 
curate answer can be obtamed, it is of value If the weakness and 
paralysis appeared gradually, the lesion probably is due to scar 
tissue mvolvmg the nerve secondarily or to compression of the nerve 
by callus, whereas if the paralysis was noted immediately, anatomic 
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interruption or tevere anatomic damage to the nerve a the more 
likely explanation. 

Examination of Site of Injury 

The region of the mjury abould be palpated for icar and ralh tt, 
for the pretence of neuroma, and for mduratian of the nerve above 
and belou the level of the injury Palpation of the nerve trunk may 
determine (1) the exact level of the mjui> (2) whether anatomic 
contmmty u fuitamed or kwt, and (3) the presence or abtencc of 
intnmeural fibroeu m the proximal and distal segments. Tha simple 
examination is \’aluable and too often is neglected. The adjacent 
structures also should be palpated, especially m the vicmity of the 
great vessels if aneurysm ts suspected. In the case of gu n s h ot or shell 
wounds of extremitiei, the site of injury to a nerve often can be 
told fairly accurmtelj b> the situation of the scars of entrance and exit. 

Motor Examination 

The action of each muscle cupphed by the nerve should be 
studied. Gross movements, such as flenon of the wrist or fi ng er s , 
are of httle value, since they can be accomplisbed even wnh total 
paralysis of ooe or more nerves. Movements normally per f or med 
by a synergic muscle emit may be taken over by a single member 
of that group, or muscles under the domain of one nerve may assume 
functions usually served by another muscle and other nerves. These 
supplementary’ movements, or *^ck movements* as they are some- 
tunes called, ma} mask the actual paralysis of certain muscle groups 
and lead the novice to fabe deductions. With total mtemiptxm of the 
musculocutaneous nerve and paralysis of the biceps muscle, for 
example flexion of the forearm may be accomplisbed by the supinator 
longus supplied by the musculospiral nerve. 

Siinificant Movemetitt . — Some of the movements which cannot 
well be simulated are as follow* (1) extension of the wnst and of 
the proximal phalanges of the fingers and thumb m the pretence of 
lesions of the musculospiral nerve- (2) abduction of the fifth finger 
in a plane with the palm, without flexion of the finger in the presence 
of mjurie* of the ulnar nerve also under the tame circtimstances, 
extension of the distal phalange# of the fingers when the jiroxunaJ 
phalange# are extended, (3) flexion of the dotal of the 

thumb and index finger in the pre«ence of mjunes of the median 
nerv’e and (4) dorslfleiion of the foot and ankle m the presence of 
mjunes of the peroneal portion of the sciatic ner v e. 

Palpation in Testing Movement*^— When studying function of a 
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muscle, both the belly and the tendon of the muscle should be pal- 
pated dunng attempts at contraction, to determme more accurately 
than if only one is palpated, the action of the muscle in question 
Examination of the motor mechanism also can be made by testing 
movements which bring out normal associated acts These do not 
depend on volition but are associated reflex connections which can- 
not be controlled or simulated 

Loss of Deep Reflexes — Loss of the deep reflexes is seen with 
lesions of some of the nerves In injury of the musculocutaneous 
nerve, the biceps jerk is lost, m musculospiral mjuries the tnceps 
jerk, and m sciatic nerve mjuries, the Achilles jerk. Smce the reflex is 
abolished irrespective of the seventy of the lesion, its loss does not 
aid m distinguishmg between complete severance or physiologic m- 
terruption of a nerve. 

Atrophy and Tone 

When muscle is depnved of its nerve supply, it undergoes atrophy 
Atrophy is determmed by the size of the muscle as compared with 
the correspondmg muscle of the opposite side It is more marked 
m small muscles, such as those supphed by the ulnar nerve. Extent 
of the atrophy is appreciably influenced by the care given the ex- 
tremity after the mjury and the amount of movement the muscle 
has had, either passive, due to the action of the other muscles, or as 
the result of massage The degree of atony parallels closely that of 
atrophy. When there is marked atrophy, marked atony is also present 

Electric Examination 

Exammation by both faradic and galvanic currents is indis- 
pensable, though a wide clmical experience reduces its significance 
The faradic response of both nerves and muscles is absent in any 
condition m which conductivity is lost, whether the interruption 
be anatomic or physiologic The faradic response is lost early and 
usually is the last response to return, often bemg wanting even when 
voluntary contraction of the muscle has reappeared The galvanic 
current is of greater value m determining finer changes, though neither 
the faradic nor galvanic current makes possible differentiation be- 
tween anatomic and physiologic mterruption Hence, from an ana- 
tomic standpomt, m severe compression and m anatoimc interruption 
the degeneration of the nerve fibers and muscle fibers is identical In 
both the muscle may be completely depnved of its nerve supply 

By use of the Jones condenser current, a quantitative determma- 
tion of the degeneration can be obtamed. Normal mtact muscle re- 
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«p«TOd* to 0J)3 to 0X)5 mkrofaradi. When a ttronger current i* re- 
quired, degeneration ti prcient, iti degree being prcqwrtiotial to the 
extent of current required to obtain a re»pon»e. VTbeo no leapcoe 
a obtained up to 2 0 microfarad*, complete reaction of degeneration 
i* present, and the muicle ha* urKlergone marked degeneration- Sudi 
muscle a practically devoid of contractile tisiuo. 

Chronaxie 

It ha* long been, known not only that the intensity of the cur 
rent play* a part m the itudy of excitability but also that the time 
required for the passage of the current 1* an Important factor 
Lepreque introduced the idea of chronaxie m physiology The chroo- 
axie n the tone of passage of the current nece**ary to produce the 
threshold of contraction with an Intensity double the rheobase. The 
rheobase Is the threshold of galvanic current- By mean* of a system of 
appro pr iate resistance Bourguignon was able to eliminate the resist 
ance of the skin and thus introduce Into clmlcai work measure- 
ment of the chronajde. By discharge of condensers one can obtam 
currents of definite duration. 

Chronazle of the nxirmal skeletal muscles m man varies from 
006 tnUbseconds to 07 milliseconds, according to tbe muscle groups 
examined. Muscular groups havuig the same functioo in the same 
segment of an extremity have tbe same chronaxie. This law has been 
found to cxiit through the whole animal senes. In the study of path- 
ologic conditions of muscles, chronaxie has proved to be of value. 
In neuromuscular degeneration tbe chronaxie may be mcreased two 
hundredfold. Thus, the chronaxie may bo raised f r o m 0.06 mlUl 
tecond to 30 or 40 milliseconds. In reflex atrophy or in lesions 
of the pyramidal tracts, for example, the chronaxie is seldom ele- 
vated to more than four times normal. Thus, this method permits 
one to determine whether tbe paralysis or the atrophy is due to 
a lesion of the lower motor neuron or to one of the upper motor 
neuron*. In primsTy muscular disease, such a* myopathy tbe value* 
for cdironaxie are close to nonnaL 

Alteration* in the chronaxie occur early in the disease. Thus, 
the pbysiopathologic change* in neuromuscular statu* can be deter 
mined early In addition, estimation of the chronaxie enable* one 
to evaluate the precise degree of nouromuscular degeneration. Re- 
peated examin ations permit the evolution of the lesion to be followed 
and thus, whether the lesion it progressive or whether regeneration 
is taking place can be determined. Hence, chronaxie hat a prognoetic 
as well as a diagnoftic value. 
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muscle, both the belly and the tendon of the muscle should be pal- 
pated durmg attempts at contraction, to determine more accurately 
than if only one is palpated, the action of the muscle in question 
Examination of the motor mechanism also can be made by testing 
movements which brmg out normal associated acts These do not 
depend on volition but are associated reflex connections which can- 
not be controlled or simulated 

Loss of Deep Reflexes — ^Loss of the deep reflexes is seen with 
lesions of some of the nerves In mjury of the musculocutaneous 
nerve, the biceps jerk is lost, m musculospiral mjuries the triceps 
jerk, and in sciatic nerve injuries, the Achilles jerk Smce the reflex is 
abolished irrespective of the seventy of the lesion, its loss does not 
aid in distmguishing between complete severance or phj^iologic m- 
terruption of a nerve 

Atrophy and Tone 

When muscle is depnved of its nerve supply, it undergoes atrophy 
Atrophy is determmed by the size of the muscle as compared with 
the correspondmg muscle of the opposite side It is more marked 
m small muscles, such as those supplied by the ulnar nerve Extent 
of the atrophy is appreciably mfluenced by the care given the ex- 
tremity after the mjury and the amount of movement the muscle 
has had, either passive, due to the action of the other muscles, or as 
the result of massage The degree of atony parallels closely that of 
atrophy When there is marked atrophy, marked atony is also present 

Electric Examination 

Exammation by both faradic and galvanic currents is mdis- 
pensable, though a wide clinical experience reduces its significance 
The faradic response of both nerves and muscles is absent in any 
condition m which conductivity is lost, whether the mterruption 
be anatomic or physiologic The faradic response is lost early and 
usually IS the last response to return, often bemg wantmg even when 
voluntary contraction of the muscle has reappeared The galvanic 
current is of greater value m determmmg finer changes, though neither 
the faradic nor galvamc current makes possible differentiation be- 
tween anatomic and physiologic mterruption. Hence, from an ana- 
tomic standpomt, m severe compression and m anatomic mterruption 
the degeneration of the nerve fibers and muscle fibers is identical In 
both the muscle may be completely depnved of its nerve supply 

By use of the Jones condenser current, a quantitative determma- 
tion of the degeneration can be obtamed Normal mtact muscle re- 
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ien»ofy nerve*. According to Stopford, the aMumption of a leperato 
set of fiber* for deep »en*ibnity ha* no anatomic ba«* m fact; bxrt 
the so-called cutaneous or sensory nerve* supply the deep struc 
tures, such a* the joints, with sense of position and movement, the 
Impulse* being transmitted throu0i the digital branches. In the 
presence of injury of a median or ulnar nerve, whether at the wnst 
or forearm, or m the arm, the sense of position and spatial recogni 
tion is lost m some of the phalangeal jomts. Thus, deep sensibility 
IS lost in association with injuries distal to the level at which muscular 
branches or deep branches are given off Hence, this form of deep 
sensibihty fan be transmitted through fibers which do not pass with 
the motor branches. Stopford found that accurate localization of 
pressure sense is possible through deep sensation alone and that recog 
nition of movements may be lort with some ability to localize, while 
at the same time pr e ss ure as such, can be readily recx>gnized. It may 
even be that less pres su re ts required to produce pressure pain than 
is normally necessary 

In regeneration, recogmtion of contact and appireciabon of pres- 
sure pain recur early usually dtmng scxalled protopetbic recovery 
while recognition of locallzatioo and spatial podban of the joint 
occur* late, not until return of epicnbc sendbiUty Thus, deep sei>< 
sibiUty Uke the more superficial forms of sensation, may be sub- 
divided mto ( 1 ) discnrmnabve that la, recognition of the joint moved 
and the direcbon and extent of the movement; (2) affective that 
IS, recognition of contact, pressure end sense of movement 

Afochanisms Involved in Diacrimxnatrve and Affecfive Semaf/om. 
— Stopford ex pr es se d the view that the division of sensation mto dis- 
cmnlnabve and affective form* is not dependent on differentiabon 
of two sets of fibers within the peripheral nerve but that the dif 
ference lies in the ce ntra l nervous system. The ducnmmabve types, 
which return late or not at all, are essentially cortical in their repre- 
sentabon. They are corbcal connection* with wide ramification* 
hence, efter suture and regeneration, rearrangement of the fibers, 
their ter min als and collaterals, as well as of the impulse* which they 
receive, constitute* a difficult problem of corbcal readjustment. The 
more primitive, affective type* of sensation, such as pain, response 
to extreme degree* of temperature, contact, pr e ss ure, and sense of 
movement as such, without recognition of spatial relations, ere less 
highly developed, and require less intricate rearrangement of the 
neuron*. Thus, the phylogenetically older type* represent simpler 
sense mechamsms, whereas the newer modalities of sensation, con- 
cerned with discrimination, are more complex, being dependent on 
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Longitudinal Reaction 

The point at which the muscle gives a maximal response to the 
mmimal stimulus is called the motor point This corresponds to the 
pomt where the nerve enters the muscle Stimulation here stimulates 
the branch of the nerve that goes to the muscle and, consequently, 
the entire muscle After degeneration of the nerve, stimulation of 
the motor point no longer gives the maximal response This is now 
found at the junction of the muscle fibers with the tendon, smce 
at this point the muscle fibers come together and a greater number 
of them are stimulated at this point than would be the case if the 
electrode were applied elsewhere to the muscles The motor point 
no longer gives a rapid response, since degeneration of the nerve 
has taken place and nerve fibers no longer are present there, only 
the muscle fibers are stimulated and the response is consequently 
dimmished This has sometimes been called “descent” of the motor 
point, a somewhat misleading term 

Myotatic Irritability 

Muscle fibers freed of neural connecbons and mhibitions re- 
spond with increased activity to direct mechanical stimuli, such as 
tapping the muscle This phenomenon is known as “myotatic irri- 
tability ” 

Sensory Examination 

Forms of Sensation — The most fundamental study of sensation 
has been made by Head, Rivers, and Sherran, who showed that 
areas usually designated as areas of diminished sensation really 
represented total loss of some form of sensation, with retention of 
others The lost sensations were of the epicritic or discnmmative 
types, that is, those forms evoked by cotton wool, moderate degrees 
of temperature, and so on The retamed sensations were the pro- 
topathic or affective forms, called forth by pain and extreme de- 
grees of temperature, and a third form, which Head listed as deep 
sensibility 

Deep Sensibility — The brilliant work of Head and his collabora- 
tors served to clear up the confusion which had theretofore existed 
m all descriptions of sensation and paved the way for many forms 
of sensory study His division of sensation mto epicritic, protopathic, 
and deep sensibility was almost universally accepted imtil the pams- 
takmg work of Stopford ( 1922 ) showed that deep sensibility could not 
be considered as a separate form of sensation, served by a separate 
set of fibers which reached their receptors through motor nerves 
and which consequently were not destroyed by division of cutaneous 



97 


injuries of peripheral nerves 

Temperatxir* tenio Is best tested by large, corneal, thin, meUi 
tubes, having relatively small, tapenng ends. Metal affords better 
radiation than glass and the large tubes keep the temperature more 
or less unif orm during the examination because of the quantity of 
fluid which they contain. 

Charts should be kept showing the areas of altered sensibflrty 
so that compansons can be made at subsequent erammations. Only 
by compa ri son of several examinationi can any definite prognosis 
be made as to recovery of sensation. 

Impoaslblllly of DlaUnffulshlng CHrticaJly between Anatomic 

and Physlologie Interruption 

In the p re sen ce of complete lots of function, one group of signs 
has been attributed to lesions associated with anatomic Intemip- 
tion of the nerve trunk, and another to lesions producing complete 
intwruption of conductivity without anatomic Interruption. These 
two gro u ps of signs have been said to differ suScientiy to permit 
distinction to bo made between physiologic and anatomic interrup- 
tion. The impoftsoce of the differentiation cannot be overestimated. 
If it be known that anatomic continuity is lost, surgical intervention 
ts at once mdteated. On the other hand, many bold that when con 
tinulty is not lost, surgical measures are not indicated, at least until 
a later date. 

Unfortunately however the syndrome ascribed to anatomic 
mterr u p ti on applies about os often to complete loss of function due 
to com pr ess ion with anatomic continuity The distinction between 
these two groups, therefore has been abandoned by most ob ser v er s, 
who recognire that the distinction Is arbfiaaJ and the distinguishing 
points inaccurate. In cases in which patients have been treated ex 
pectantly for months on the awumptiem that the U— of hmctkm 
was due only to mterruption of conductivity operation has revealed 
complete anatomic mterru p tion, with the nerve ends separated m 
such m an n er that spontaneous regeneration was impossible. 

Only presence of a severe lesion of a nerve can be inferred when 
all function of the nerve below the level of the lesion has been lost 
Compression, with anatomic continuity may bo as severe a lesion as 
mtamxptlon. Interruption of all conductivity and total loss of all 
function may exist when the compression is severe or when it is 
slight Functionally and so far as the neurologic signs are concerned, 
these two cannot be distinguished with sufBdent reliability to war 
rant advning agamst eiploratioa It has been an almost invariable 
rule that the nerve ends and the surrounding tissues have been 
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intricate associations within the cortex Failure of recovery of the 
discriminative forms of sensation after nerve suture is probably due 
not to dailure m downgrowth of neuraxes through the line of suture 
and mto the distal segment, but to failure of the cortex to reestablish 
new associations 

Nerve Overlap — Pollock’s thorough study of the areas of proto- 
pathic sensation has shown that the area of loss to pam and of 
loss of response to extreme degrees of temperature is greater m the 
early stages followmg section than m the later stages, but that be- 
fore regeneration occurs this area of lost sensation diminishes He 
has also shown that this apparent return of sensation represents 
the area of adjacent nerve overlap Functions served by both nerves 
m the region of overlap are gradually assumed by the uninjured 
nerve the fibers of which are distributed to this region Apprecia- 
tion of the existence of such nerve overlap is as important in sen- 
sation as appreciation of supplementary or trick movements in 
motility Failure to recognize its presence has been responsible for 
reports of early recovery of sensibility which could not possibly 
have been due to regeneration of nerve fibers Pollock’s studies have 
been thorough, and there can be no doubt as to the correctness 
of his conclusions Cushmg (1904) showed that encroachment of 
the surroundmg nerves mto the trigemmal nerve area took place 
some time after extirpation of the gasserian ganglion Studies in 
phylogenesis have shown that one nerve may take over the cutaneous 
area of an adjacent nerve 

Constant and Measttrable Stimuli in Examination — If compari- 
sons of sensory findmgs are to be made, the sensory examination 
must be done with constant and measurable stimuli Experience is 
needed m testmg the various forms of sensation The borders of 
sensory changes should be determined by tests parallel to the limit 
of the nerve area m question, so as to avoid infnngmg on areas 
withm the domam of adjacent nerves In testmg sensations of pain, 
some form of algesiometer should be used 

Temperature in Examination — Not only should constant and 
measurable stimuli be used, but also consideration given to the 
temperature of the extremity at the time the examination is made 
Head and Rivers, Burrows and Carter, noted relapse of sensibility 
from the delicate epicntic to the more primitive protopathic under 
the mfluence of low temperature m cases of injury to nerves durmg 
recovery Smce the temperature of a paralyzed extremity is usually 
lower than that of the normal extremity, the paralyzed limb should 
be warm if accurate sensory determinations are to be made 
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of the nerve*. In the infl5<»rity of ca»e« the tendency is to tpontaneoiu 
reco v ery m penodi of from several months to one or two year*. The 
injury to nerve* is incomplete, usually some motility and tome ten 
sation are retained. Frequently the suggestion of muscular contrac 
bon can be teen. The electric reacbons show incomplete response 
but not the reaction of degeneratioa Hyperesthesia of the skin and 
often of the deeper structures is found. The slightest touch is pamfuU 
causing a vague diffuse sensation, with considerable dispersion and 
radiation. Touch, pin pnek, and temperature evoke almost similar 
responses, the pabent often being unable to distinguish between 
the disagreeable sensations evoked by all The muscle bellies and the 
nerve trunks are extremely tender to pressure end radiation of the 
pain IS widespread. 

Pain IS spontaneous, characterised by burning, pnddng, and sen 
satiems of ex tr e m e cold and extreme beat. It a mteresting to note 
that imtative lesiona of the fiber* carrying sensations of pain in 
the peripheral nerves give nse to subjective sensory disturbances 
comparable to those encountered when the lateral spinothalamic 
tracts of the spinal cord are irritated by tumor or disease of the 
spinal cord or by lesions of the thalamus itself — sonalled central pern. 

Causalgia, an extremely severe form of ner vo us irritation, con 
stitutmg e definite cluikal enti^ will be discussed m a section to 
follow dealing with a group of special conditions (p. 168) 

Trophic Dlaturbances 

Trophic changes are the most characteristic objective findmgs 
in the various forms of irritation of nerve*. They extend throughout 
all the tissues, the skin, naQs, muscle, fascia, articular and penarticu 
lar tissue*, end even the bones (Fig. 22, a and b) It is theae changes 
which make irritation of nerve s a more severe lesion than interrup- 
tion of nerve* since, even if spontaneous recovery take* place, marked 
secondary change* pcm«t in joints, muscle*, and periarticular ti*- 
tues, more disabling than total peralyvis of the nerve mvolved. 
Pibrou* change* In the muscle* malm them hard and boardllko and 
all but devoid of contractility The periarticular change* about the 
small joint* of the hand fix these joints so that little or no motility 
i* po**ibK The skin remain* red and gIo«*y and often sweats freely 
the sweat dnpping from the bp* of the finger* under emotional 
strew (Fig, 23) Because of fee severe pain, these secondary change* 
cannot bo treated by physical therapy and contracture* cannot bo 
prevented by mechanical mean* until after the pain has tubrided. 
At that time fee secondary change* are woU advanced and ntist aU 
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found at operation to be more severely injured than the neurologic 
signs would have led one to believe 

Signs of Compression and Interruption — The points which are 
said to distinguish compression from mterruption are as follows 
In compression there is preservation of tone, atrophy is rapid m 
onset but is less severe than m mterruption, and the reaction of de- 
generation IS incomplete and slow m its appearance On the other 
hand, the conditions have the following signs m common complete 
paralysis, complete sensory loss, absence of spontaneous or mduced 
pam along the nerve or belly of the muscle, absence of formication, 
and absence of marked trophic disturbances unless these are secon- 
dary to trauma 

Tone — The degree of tone retained is extremely variable, de- 
pending on the muscles involved, the mterval between mjury and 
examination, the extent of fibrosis and articular and periarticular 
changes Tone, therefore, cannot be taken as a valuable and reliable 
distinguishing pomt 

Atrophy — The degree and extent of atrophy are also inconstant 
Small muscles xmdergo more rapid and apparently more extensive 
atrophy than larger muscles The degree of atrophy is also influ- 
enced by the passive movements which are imparted to the muscles 
by movements of neighboring muscles and by measures of physical 
therapy Unless these are known and controlled, atrophy can hardly 
be considered a reliable sign by which to distinguish interruption 
from compression of a nerve 

Electric Reactions — The electric reactions likewise are mcon- 
clusive It may be true that a complete reaction of degeneration is 
less often found m the presence of compression than in association 
with interruption, except when the lesion is of long standmg As a 
means of distmguishmg between interruption and compression, how- 
ever, this may not be significant smce, even in the presence of com- 
plete interruption, a complete reaction of degeneration may not ap- 
pear until late Thus, in the early stages the responses are likely to 
be the same 

Sharply defined syndromes represent attempts to create an arti- 
ficial distinction between anatomic and purely physiologic interrup- 
tion of the nerve when, in fact, little or no functional or even anatomic 
distinction exists 

Nerve Irritation 

All gradations of irritation of nerves, from the slightest to the 
most severe, may be met with in association with traumatic lesions 
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meftture* to recttabluh motion, even thou|^ faithfully tried for • 
number of year* after recover y of nerve function- Unfortunately, m 
many of the*e catei treatment i* not lurslcal, tince the pain di*- 
appeara epantaneouily and the nerve lesion is recogmred as incom* 
plete. When, however, it is appreciated that the secondary changes 
may produce far gr e ate r disabUity than even total loss of nerve 
function, some form of active surgical treatment should bo under 
such as alcohoUsatkm of the nerve trunk or actual cutting 
of the nerve with immediate suture. 

Signs of Regeneration 

In Absence of NetiraxJal Uetfonerotion. — Regeneration of the 
neuraxes is followed by more or less definite signs, having a definite 
sequence, whether the degeneration has been due to anatomic in- 
terruption or compression- When, however Joss of function has been 
duo to physiolotfc mterruption of conductivity without sufficient 
pr e ss ure to produce dcgenerafaon of neuraxes, return of function 
is resumed along the anatomically intact neuraxes. The anatomic 
path is mtsct, the physiologic path alone has been inhibited. Conse- 
quently function may reappear whhm a few hours or days after Ub- 
eradon and ia no regular sequence; In some instances liberation 
is followed within an incredibly short time by return of voluntary 
motion of the part previously paralyzed. Sensation may return as 
rapidly as motion, the discnminathr and affective forms frequently 
appea rin g at the tame time. 

Atter Nemadal Dogmeratton . — When regeneration takes place 
after degeneration of neuraxes, its evolution is more constant Sub- 
jectively the extremity *^eols different* a “freer* This occurs not 
infrequently eoon after operation— too soon to be of much value 
as a sign. The first objective sign is a change m the vaso motor status 
of the part The circulaticn ts Improved, and the color and texture 
of the sldn approach normal. Bellies of muscles previously imensi- 
tivo to pressure become painful when pinched — thk before any evi 
deuce of contraction of the muscles ia to be found and frequently 
before any change in cutaneous scnsiblhty has been noted. A gradual 
increase in the tone of the muscles becomes evident If the galvanic 
current showed polar inversion, it now begins to show polar equality 
The slow, undulating response to galvanism becomes more rapid. 
The longitudinal reactioo disappears and the maximal response 
It again found at the motor point mstead of at the point at which 
the muscle fibers enter the tendon. 

The fmidk rmp onM a .w to return, frequently 
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Fig 22 — a, Trophic changes in fingernails of second and third fingers due 
to trauma in association with paralysis in the region of distribution of the median 
nerve, b, ulcer on sole of foot due to trauma in assonation with paralysis in 
the region of distribution of the saatic nerve (Stookey in Nelson’s Loose-Leaf 
Surgery, Vol 2 Thomas Nelson and Sons) 



Surgery, Vol 2 Thomas Nelson and Sons) 
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ti injured only 8 ihort distance above the pomt at which a group 
of branches a given off, tnnervatkm of the muscles supplied by 
these bran ch es may take place relatively early, whereas if a con 
fiderable distance intervenes betwee n the pomt of injury and the 
origm of branches, a longer penod must elapse. Additional factors 
influencing the rate of regeneration are the mterval between in 
jury pnd suture, a history of infection or the lack of it, the presence 
or absence of mtraneural fibrosis, the character of tha nerve ends, 
the degree of tension, the typo of operation, the nature of the nerve 
bed, find the p r e op er ative and posloperativo treatment. 

Signs of Interrupted Reffenemtlon 

Reexplorabon following failure of a nerve to regenerate can 
bo undertaken earlier when signs of regenerahon have not appeared 
than when they have been present but have not progressed. Inter 
rupted regeneratioo should be suspected when signs o! returning 
function have become stationary It may occur at any stage, but 
seldom happens if definite evidences of degeneration have appeared. 
Temporary retardation of regeneration is sometnnes encoimtered. 
The tigns most, therefore, be adjudged with full knowledge of the 
conditions of the anatomic fields, the degree of tension, and the ap- 
pearance of the nerve ends. Immediately after operation a pre* 
sumptive prognosis, based on the conditions of the oper a tive field, the 
degree of intraneural fibrosis, and the mechanics of the suture, should 
be indicated In the operative report for future reference. When 
spontaneous regeneration without operation becomes arrested, es. 
ploration should be made earlier end w ith lass besitatkm than when 
the conditioiii of the anatomic field and the position of the nerve 
ends are known. 

End Results of Repair as Factor In Determining Surgical Policy 
Anafom/c standards of Re^ctwaiian . — In the admirable report of 
Forrester Brown, the criteria of reg en eration were complete, incom- 
plete, or absence of, sensory return and complete, incomplete, or ab- 
sence of return of motor function. When judged by such rigid stand 
ards, complete regeneration is, of course, rarely obtained because of 
the histologic strocture and function of the nerve bundles and their 
spinal and c er e bra l connectiona. Further injury of a ner v e at levels at 
which the branches are given off precludes the possibility of regen 
ermtion of the muscles supplied by tha brancfaet, ainco the branches 
to the muscles have been destroyed at the time of mjury Suture 
of the nerve would not restore function of these muscles unless arti- 
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not appearing until after voluntary motion is present, so that it is 
of little value in ascertainmg the presence of regeneration. 

Pain on pmchmg the skm m areas in which pain heretofore has 
been lost is a valuable early sign of regeneration. As regeneration 
progresses, the protopathic forms of sensation, both superficial and 
deep, appear, that is, recognition of pm pnck, contact, and pressure 
pam With improvement of these, response to the lighter forms of 
contact begin to return, and less pressure is needed to elicit pres- 
sure pain. Rather late m the progress of regeneration, tactile and 
jomt localization appear, though even in the late stages these are 
defective The discriminative forms of sensation frequently remain 
defective for a long time, m some cases permanently, even after 
recognition of touch as such has returned Touch localization, with 
discnmmation as to the character and quality of the sensation, and 
spatial recognition of jomt movements are the last forms of sen- 
sation to return. Recognition of defective sensation of this character 
IS of extreme importance to pension and mdustrial compensation 
boards, smce response to touch is not necessarily accompanied by 
recognition of the quality or localization of the contact 

Tinel’s Sig:n 

A creeping sensation referred to the peripheral distribution, 
elicited by pressure over a nerve tnmk, mdicates, according to Tmel, 
the presence of “young axis cylinders m the process of regeneration ” 
Unfortunately, Tinel’s sign has been found to be of little value But 
although, its occurrence along the nerve trunk alone cannot be con- 
sidered evidence of satisfactory regeneration, it is of value after 
suture of a nerve or liberation of- a nerve when the anatomic field 
IS known. Here its mam limitations are removed, smce the nerve 
ends are known to be m apposition and m position to favor down- 
growth. When regenerating fibers are present, the level on the nerve 
trunk at which the sign can be elicited gradually descends step by 
step with the downgrowth of the neuraxes Hence the lowest level 
at which the sign is found should be determmed at each exammation 

Time Required for Regeneration Following Suture 

Evidences of regeneration are rarely foimd earher than the third 
or fourth month and may appear any time thereafter, even up to 
thirty months The time required is mfluenced by many factors 
which make it impossible to set a definite standard applicable to 
all nerves The period vanes with each nerve, the level of the mjury, 
and its relation to the ongm of nerve branches When a nerve trunk 
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be well founded, namely, that “there was no constancy in the rate 
of recovery of any particular nerve, that the rate was not definitely 
influenced by the level of the lesion, or absolutely by the period 
since operation” Furthermore, “the degree and rate of recovery were 
not mfluenced by the length of time between injury and operation, 
the duration of the initial sepsis, or the recrudescence of sepsis after 
the nerve operabon” 

CLINICAL MANIFESTATIONS OF INJURY TO NERVES' 
CONSIDERATION OF INDIVIDUAL NERVES 

Musculospiral or Radial Nerve 

Course and Distribution — In war wounds, the musculospiral 
nerve is the most frequently injured of all the nerves of the body 
It arises from the posterior cord of the brachial plexus and bends 
around the back of the humerus where it lies under cover of the 
triceps muscle It appears on the lateral surface of the humerus 
and then on the anterolateral surface of the musculospiral groove 
From here it descends between the supinator longus (or brachiora- 
diahs) and the biceps muscle to the elbow Just below the elbow 
it divides into its terminal branches, the radial (or superficial branch 
of radial) and the posterior interosseous (or deep branch of radial) 
The radial (or superficial branch of radial) nerve is a purely sensory 
nerve It descends under cover of the supinator longus and becomes 
subcutaneous in the lower part of the forearm, to be distributed 
to the dorsum of the hand The posterior interosseous (or deep 
branch of radial) passes around the head of the radius and descends 
in the forearm between the deep and superficial muscles, supplying 
all the muscles of the forearm (Figs 24, 25) The terms m par- 
entheses are mserted as an aid to orientation for those who thmk 
m BJ^TA. terminology In what follows these terms will be supplied 
only when necessary for clearness 

Motor Branches — In the upper part of the arm the musculo- 
spiral nerve supplies the triceps muscle and a branch to the anconeus 
In the bicipital groove m the lower part of the arm, it supplies the 
supmator longus muscle and the extensor carpi radialis longus As 
it passes around the head of the radius it gives off branches to the 
extensor carpi radialis brevis and the supmator brevis In its course 
through the forearm it supplies all the muscles on the back of the 

forearm 

Sensory Branches — There are three sensory branches (1) a 
small branch given off high m the upper part of the arm to the pos- 
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tero-interoal portion of thfi upper arm (2) the external cutaneom 
Vir u nfli , given off m the middle of the arm and aupplying a narrow 
ttfip of tkm on the poftero-extcmal aurfaco of the forearm, and (3) 
the radial nerve one of the terminal brancfae*, which mpphei the 
domim of the hand and, on the radial tide, extendi onto the fingert 
aj far at the proximal mterphalengeal joint. 

Wriitdrop , — The ttnkmg feature of paralytis in the region of 
dlitribution of the mutculospiral nerve, because it a to evident on 
simple intpection, ii wriitdrop. In these caiet there a some weak 
T >et f of flexion of the fingers, as is seen in the attempt to close the 
hand. Ttds a duo not to any actual weakness of the muscles of flexion 
but to absence of the synergic action of their antagonists (the exten- 



Fl«. 26. — TyplaU wristdrop from complste p«ral 7 «ls in tbe roflon of dii- 
trlbadoD of tho mosculosplral oarr* (Btooby is Nolsca's Loosti L— f Sartsrx 
VoL 2. Thotncs N^son sad Scat) 

son) In order to have e£Bcieot closing of tbe fingers, the hand must 
be supported in partial hyperextension by the action of tbe exten- 
son of the wnst 

Injury Above Branches fo Triceps Afusc/e. — Paralysis in the re- 
gitm of (hstribution of the musculospiral nerve above the branches 
to the tnceps muscle wiU result m inability to extend the elbow 
(triceps) Inabdity to extend the wrist (extensor carpi radialls longus 
and brevis and extensor carpi ulnaria) (Fig. 26) inability to ox 
tend tbe fingen (extensor di^torum communis) inability to extend 
the thumb (long and short extensor of the thumb and abductor 
poUicls longus) weakness m flexion of tbe elbow because of paral 
ysis of tbe supinator longus (a powerful flexor of tbe elbow acting 
especially when tbe band a midway between pronahon and supina- 
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pjg 25 — ^Muscle and nerves of the upper part of the right arm, viewed 
from behind and lateralward (Spalteholz Hand Atlas of Human Anatomy, Vol 
3 J B Lippincott Co ) 
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nerve m given off will give thii ane»tbe»ia over the donum of the 
band 

In/urp above Sup/nafor Lon^ua Nerve. — ^The xnort common tite 
of injury to the nerve li above the point of origin of the nerve to 
the fupmator loagu*. It may retult from fracture of the hmncruj 
or from the callus following a fracture, although the former u more 
frequent It wiU give the tame picture as that which has been de- 
scribed except that the tricep* muscle and the tricep* reflex are 
spared. The external cutaneous branch may or may not bo affected 



29 — Phsm In r#t«n*ritk» of th« im»Oilo*p4r*l n»r?«. B*ilnnliit «xt»o- 
•1® of tli% but not of th* thumb tStcckwy Vn N*l»oii • Loo**-L^ Sot 

R«T7 VoL X Thomu N«UaD Bod Som) 


If It a spared there will be no sensory loo, except over the dorsal 
aspect of the thumb. 


In}aty below Szipaiator LortgUM Nerve , — Injury below the ttiplna- 
tor loogus nerve will ^ve eoentiaDy the picture of wristdrop. Tbe 
nerve to tbe extensor carpi radialis longui arises just bebw that 
to the supmator longus and may also bo spared m this type of lo- 
ticm, ei^ in whole or m part If it Is spared, some extension of the 
wmt^ bo ^-blo on tho radial nde. That u, thoto wUl bo «mio 
fflKdated aoth abdurtion. but contraction of 
tbo ext«aor c«Tn ubum. 1. lo«. a. i. «rten«on of tho fingor. and 
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tion), and weakening of supination (supinator longus and brevis) 
There will be sensory loss in the dorsum of the hand. The tnceps 
reflex also will be absent if the lesion affects the nerve high up, as in 
cases of crutch palsy (Figs 27, 28, 29) 



Fig 27 — Position of hand in a case of paralysis in the region of distribu- 
tion of the posterior interosseous nerve Extension of the wnst is possible but 
not of the fingers (Stookey in Nelson’s Loose-Leaf Surgery, Vol 2 Thomas 
Nelson and Sons) 


Injury to Sensory Branch in Upper Arm — The small sensory 
branch in the upper part of the arm has no exclusive area of sen- 
sory supply Complete division of the nerve results in loss of cu- 
taneous sensibility over the dorsal aspect of the hand (radial side) 
and thumb, and part of the proximal phalanges of the index and 



Fig 28 — Paralysis in the region of distribution of the posterior mterosseous 
nerve regeneration begun Extension of the wnst is seen, with incomplete ex- 
tension of the second and third fingers This patient was bitten by her pet chow 
dog, one tooth penetrated the postenor interosseous nerve, another barely missed 
the ulnar nerve (Stookey in Nelson’s Loose-Leaf Surgery, Vol 2 Thomas Nelson 
and Sons) 


middle fingers Occasionally there is some loss of sensation on the 
dorsum of the forearm, but usually the overlap from the musculo- 
cutaneous and mtemal cutaneous nerves suffices to prevent any 
defimte zone of anesthesia in this region (Fig 30) Any lesion above 
the pomt where the external cutaneous branch of the musculospiral 
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nerv« i» given off wiU gtve tha aneithe*ia over th© doiwm of the 
hand. 

Injury above Supmator Lortfiua Nerve — ^The mort common rite 
of mjury to the nerve li above the point of origin of the nerve to 
the tupinator longu*. It may remit from fracture of the humerm 
or from the calluj following a fracture, although the former u more 
frequent It will give the came picture as that winch has been de- 
scribed except that the tnceps muscle and the tnceps reflex are 
spared. The external cutaneous branch may or may not be affected. 



Fl*. 29— In r*t»n«ridcro of tfa# nmKVjatpinl tmrr*. eiUn- 

tica of tb* bat not ot tbo Unirob (Stsckoy in NoUoo » Looso-Loof Sor 

f*7 Vot 2 Thom** N*l*an md Son) 


If it a Spared there will bo no sensory loss, except over the dorsal 
aspect of the thumb. 


Initirr Mow Sapmator Longua fforvT!.— Injury below the nipma- 
tor longm nerve wfll give eetentjally the picture of wnrtdrop. The 
nerve to the eiteiaor cerpl redlalr. longue ariM Jmt below thnt 
to the ntpinator longue and may aleo be ep«ed in tide typo of le- 
^ei^in whole or in part If rt ie .pared. Krme exteiaron of the 
TOe^ be poeeible on the radud «de. That it there will be khoo 
M^ on of the wn« armcrated wrth abdnrtian, but contraction of 
the exteoKw carpi ulnarle k loet a. a eetenrion of the fing^mrd 
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tion), and weakening of supination (supinator longus and brevis) 
There will be sensory loss in the dorsum of the hand The tnceps 
reflex also will be absent if the lesion affects the nerve high up, as in 
cases of crutch palsy (Figs 27, 28, 29) 



Fig 27 — Position of hand in a case of paralysis in the region of distribu- 
tion of the posterior interosseous nerve Extension of the wrist is possible but 
not of the fingers (Stookey in Nelson’s Loose-Leaf Surgery, Vol 2 Thomas 
Nelson and Sons) 


Injury to Sensory Branch in Upper Arm — The small sensory 
branch in the upper part of the arm has no exclusive area of sen- 
sory supply. Complete division of the nerve results in loss of cu- 
taneous sensibility over the dorsal aspect of the hand (radial side) 
and thumb, and part of the proximal phalanges of the index and 



Fig 28 — Paralysis in the region of distribution of the posterior interosseous 
nerve regeneration begun Extension of the wnst is seen, with incomplete ex- 
tension of the second and third fingers This patient was bitten by her pet chow 
dog, one tooth penetrated the posterior interosseous nerve, another barely missed 
the ulnar nerve (Stookey in Nelson’s Loose-Leaf Surgery, Vol 2 Thomas Nelson 
and Sons), 


middle fingers Occasionally there is some loss of sensation on the 
dorsum of the forearm, but usually the overlap from the musculo- 
cutaneous and internal cutaneous nerves suffices to prevent any 
definite zone of anesthesia in this region (Fig 30) Any lesion above 
the pomt where the external cutaneous branch of the musculospiral 
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after formaticm of the postenor mtero»»eoxjs nerve it breakj up 
over the heed of the radius into iti terminal branches. If the mjury 
n to the posterior mterosseoiu nerve at this level, the subdivisions 
of the nerve are separately damaeed. It is seldom possible to suture 
the nerve at thii pomt tmce identification of the separate branches 
must be made. They must be sutured and, in the presence of scar 



Fla, 3L — SpHst wristilrop. A. Adbarir* b«Tkd »hich fit* on dorwl kHk* 

of wrirti B, rvmorabU cvi*u tutnd wtUch flt» oo autarior mrlac* of tli« for*- 
•Tro, C, p*lm»r pi*c* to mslot&ln palmar «rdi b*Jd to Um jpUnt by md 

lmlT« pi*rt«ri D fpllnt «ppU«d. Tb» tbumb fa •Ttmi*d In a ^th 

th* dirt*l two phnlcncM loft fr«* to pwmlt nornMl tnoT»- 
tomat. No bmdsgn m ao c w au y » bold tb* tpllnt In (B«rfcl Arth. 

N«raL and PiycfaUt) 

tissue, this is frequently impossible. Injury t£> the poaterlor interos* 
seota nerve below this point will destroy isolated terminal branches 
of the nerve to the extensors of the fingers and thumb. 

Extensive Ixijurr—U the damage to the musculospiral nerve is 
^wisive and satafactory suture and repair cannot bo accomplished, 
fi^on tra^Jantation can be done and a fairly good functiocal hand 
obtained. However every attempt should bo made first to repair 
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thumb. Sensory changes will be found over the dorsum of the first 
interspace and dorsum of the thumb 

Injury in Forearm — Injury in the forearm will affect the radial 
and the posterior mterosseous nerves which separate at the elbow, A 
little below the elbow a wound of the posterior interosseous will 



Fig 30 — ^Patterns of sensory loss from lesions of the musculospiral nerve 
(Pollock and Davis Penpheral Nerve Injuries Paul B Hoeber, Ina) Key 
Solid black, loss of pain, touch and temperature, diagonal lines, loss of touch, 
dots, loss of temperature, crosses, analgesia 


spare the nerve to the short radial extensor In that case extension 
of the wrist on the radial side will be intact There will be paralysis 
of the ulnar extensor of the wnst, of the extensors of the fingers, and 
of the extensors of the thumb 

Injury to Posterior Interosseous Nerve — Almost immediately 
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the damaged nerve, reserving tendon transplantation for those in- 
stances in which the nerve cannot be repaired 

Injttries Affecting Branches to Supinator Lon^us and Extensor 
Carpi Radialis Longus — Incomplete lesions of the nerve, where it 
lies on the anterolateral surface of the humerus, may affect the 
branches to the supmator longus and the extensor carpi radiahs longus 
which he in the dorsolateral portion of the cross-section of the nerve 
trunk As far as is known, the general topography as to muscular 
supply in a cross-section of the musculospiral nerve in this region 
IS from ventral to dorsal laterally, supinator longus, radial exten- 
sors, mesially, ulnar extensor of the wrist and the extensors of the 
thumb and fingers, and the supinator brevis 

Injury of the radial nerve may call for the device illustrated in 
Fig 31 

Ulnar Nerve (Figs 32, 33) 

Course and Distribution — The ulnar nerve arises from the inner 
(medial) cord of the brachial plexus along with the inner head of the 
median nerve In the upper part of the arm it lies on the inner side 
of the brachial artery and close to the median nerve In the lower 
part of the arm it bends away from the artery and passes to the 
back of the humerus, where it lies in the groove between the internal 
condyle of the humerus and the olecranon process In the forearm 
it passes through the flexor carpi ulnaris and runs beneath this muscle 
to the wrist Here it pierces the deep fascia and enters the hand At 
this level it gives off its two terminal branches, the superficial palmar 
branch, which is sensory, and the deep palmar branch, which is 
motor 

Motor Branches — In the forearm the ulnar nerve supplies the 
flexor carpi ulnans, and the ulnar half of the flexor digitorum pro- 
fundus serving the fourth and fifth fingers In the hand it supplies 
the muscles of the hj^pothenar eminence, all the interossei, the two 
inner lumbricals and, in the thenar emmence, the adductor pollicis 
and the short head of the flexor polhcis brevis 

Sensory Branches — ^The sensory supply is exclusively to the 
hand The superficial palmar branch supplies the skm over the inner 
part of the palm, as far as the wrist, the fifth finger, and half of the 
fourth finger (Fig 34) 

Paralysis in Region of Distribution Effect on Wrist — ^Flexion 
of the wrist is impaired owmg to loss of action of the flexor carpi 
ulnaris The hand is tilted to the radial side m flexion This loss 
IS fairly compensated by the palmaris longus Paralysis of the muscles 
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can be detected by faUure to feel the tendon contract at its pomt of 

Imert ion at the wmt 

Effect on Fmana. — Flexicm of the fifth and fourth fingen n 
greatly impaired Some flexion ia poaaible through the flexor dighorum 
fubllmi* fuppHed by the median nerve. But flexion of the terminal 




FH< ^ — 'I'tP** oI loo ot ■iniitioo lo UMcUdon whb iMlan ot tb« olnv 
MTT* (PoUock «nd Dcrli P«rlpb*r«l N«rT« Injudw. Paal B. Ho«b«r loc.) 
Kayi 8, bypitLiln also, —0 Flf. 30 


phalanges is impocsible owing to paralycu of the portion of the flexor 
digitorum profundus destmed for these fingers. 

The normal function of the mterossei is adduction «TYd abduction 
of the fingers, flexion of the fingers at the metacarpophalangeal 
joints, and extensum at the Interphalangeal jomts. Abductkm and 
adduction of the fingers are lost This sftould bo tested on a flat tur 
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Pjg 33 Nerves of the upper part of the right arm viewed from in front (Spal- 

teholz Atlas of Human Anatomy, Vol 3 J B Lippincott Co ) 
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Epicurnc AND PROTOPATHIC X-OSSKS. — Epicrftlc lo« OCCUn OVCT 
tbo tcntory area that has been de»cribed. The area of epicnhc lo** 



PlC- 37 — PanJjtU la tb* r«tloa of tbo dittributloa of tbo ulncr nerro 
t w ai i tj r-ona y o u after froctnro of tbo humoral condyloa. Lino of indaloD on 
band idno after tranapoeldao at olnar norro (Btookoy In Nolaoo • Loooo* 

Loaf Surforr VoL 2. Tbacan NoUon aod &ont) 


for the nhiar nerre hai very «harp and well-de&ned border*. The 
protopethic lose u considerably smaller and lets constant 



Flf, 3A. — ParmlytH In tbo ration of dbtrlbutloa of tbo ulnar oorro (mum 
COM aa that roprooontod In FI*. 37) odo yoor aftv trarap caftlan, with bofinnlnt 
rot»^tioo and raturu of ulnar functian (Stooboy In NeUoa'i T nnai T Mf Bur 
tory VoL 2. Thoma* Nalooo and Sons) 


Injury below Elbow — I njtiry below the elbow will produce 
the same tymptotns, except for preservation of ulnar flexion of the 
wrist and flexion of the terminal phalanget of the fifth and fourth 
fin gen. 
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face, to avoid any confusion with the long flexors and extensors, which 
also have some action in adduction and abduction Hyperextension 
of the fingers at the metacarpophalangeal joints is found and is due 
to loss of action of the mterossei, which flex these jomts, and the un- 
opposed action of the long extensors of the fingers Flexion at the 



Fig 35 — Hand in a case of paralysis in the region of the distribution of 
the ulnar nerve Note the loss of contour of the hypothenar eminence and the 
position of the fourth and fifth fingers “^he thumb has fallen to the same plane 
as the metacarpal bones of the second to the fifth fingers (Stookey in Nelson’s 
Loose-Leaf Surgery, Vol 2 Thomas Nelson and Sons) 


interphalangeal joints is due also to paralysis of the mterossei which 
extend the phalanges and to the imopposed action of the flexors 
This hyperextension of the metacarpophalangeal joints and flexion 
of the mterphalangeal joints are more marked in the fifth and fourth 
fingers than in the third and second fingers This difference is be- 
cause of the sparmg of one of the two outer lumbncals, which are 
supplied by the median nerve (Fig 35) 



Fig 36 — Paralysis in the region of distribution of the ulnar nerve In the 
normal hand, paper can be grasped firmly in the first interspace In the presence 
of mjunes of the ulnar nerve, the paper is held by flexion of the distal phalanx 
(Stookey in Nelson’s Loose-Leaf Surgery, Vol 2 Thomas Nelson and Sons) 

Due to paralysis of the adductor pollicis, adduction of the thumb 
IS lost (Fig 36) This movement also should be tested with the 
hand on a flat surface, to distinguish the condition from that pro- 
duced by a somewhat similar action exerted by the long flexor of the 
thumb (Figs 37, 38) 



FIs* 39 — Nattm ol tb« rlfht p«hti (8p«lt«bola Atlu of Human Anctomy 

Vol. 3 J a Upptucott Co.) 

of the band, the distal two and a half phalanges of the middle 
tndox fingers and the last two phalanges of the fourth finger (Fig. 43 ) 
Paral/u# in Region of DMrfbvtkm. — Paralysis m the region of 
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Injuries at Wrist — In injuries at the wrist, the dorsal cutaneous 
branch having already been given off, sensory disturbance will be 
confined to the palm and the motor disturbances to the deep palmar 
branches 

Topographic Anatomy — Incomplete lesions have shed some light 
on the topographic anatomy of the ulnar nerve In the cross-section 
of the nerve from within outward, the followmg arrangement ap- 
parently occurs (1) cutaneous branches and branches to the hypo- 
thenar emmence, (2) fibers to the interossei, (3) fibers to the ad- 
ductor pollicis; (4) fibers to the flexor carpi ulnans and the flexor 
digitorum proftmdus 

Effect of Irritations — Irritations of the ulnar nerve are especially 
likely to lead to muscular fibrosis, contractures, and deformities It 
IS m ulnar lesions that the anomalous “reflex contractures” of Ba- 
bmski occur while, on the other hand, causalgia is uncommon in as- 
sociation with ulnar lesions 

Median Nerve 

Course and Distribution — The median nerve arises by two heads, 
one from the outer (lateral) and one from the inner (medial) cord 
of the brachial plexus The nerve descends along the lateral surface 
of the brachial artery, crossing it m the lower half of the arm. At the 
elbow it lies mesial to the brachial artery and beneath the bicipital 
fascia, on the brachialis anticus muscle Entermg the forearm be- 
tween the heads of the pronator radii teres, it runs down the fore- 
arm between the superficial and deep muscles, gradually shifting 
to the radial side. At the wnst it becomes almost subcutaneous, lymg 
just beneath the tendon of the palmaris longus (Fig 39) 

Motor Branches — The median nerve supplies all the muscles of 
the anterior surface of the forearm except the flexor carpi ulnans 
and the ulnar portion of the flexor digitorum profundus, that is, it 
supplies the pronator radii teres, flexor carpi radialis, palmans longus, 
flexor digitorum sublimis, outer heads of the flexor digitorum pro- 
fundus and pronator quadratus 

In the hand it supplies the muscles of the thenar emmence ex- 
cept the deep head of the flexor pollicis brevis, that is, the abductor 
poUicis brevis, opponens pollicis, and the superficial head of the flexor 
polhcis brevis It also supplies the two outer lumbncals (Figs 40, 41) 

Sensory Branches — The sensory supply is exclusively to the 
hand On the palmar surface, this mcludes the radial half of the 
fourth finger, the middle and mdex fingers, the palmar surface of 
the thumb, and the correspondmg areas of the palm, on the dorsum 
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•lightwt flexion accomplahed by the interoftci remaim. Lo*s of this 
action is ospeoally nobceable in the mdex finger 

The terminal phalanx of the thumb cannot be flexed owing to 
loss of the action of the flexor pollicna longus and of the superficial 
bead of the flexor pollica brevli. Abduction of the thumb and op- 
position of the thumb are lost, due to paralysis of the abductor pol 
lids brevis and the opponens poUiCis. Substitutions by other muscles 
may be confusing. In abduction the thumb should come straight out 



C P K 


Fl(. ^Z. — S^otory cb* n c *> In te tb« tmct*. La S. od B tb« 

d«fk aiM U tb« absalot* lo«r laci«id«d vltUo tb« dotted Una tb« affactlT* 
fono* ar« lo«t, and wlUdo tb« conthioov* Una tha dlacrlmliiatiT* fonm; C, P 
E, tbnr T a riooi (orem ol ab«atcrta tnattbwU In tba ptMaac* ot tn j ori— to tba 
madiaa ttarra (Stookay to N«l>ona Looaa L«al Surfcry VoL 3 Tbotnas Naltoo 
and Soca) 

in a plane at nght angles to the palm. In opposition, the thumb ro- 
tate# so that its palmar surface IoqVs toward the pahn. True opponens 
action IS easily slmalatod. In true opponens position, the distal 
phalanx is brought Into apposition with the distal phalanx of the 
fifth finger and both digits form a vertical arch over the palm. 

Little deformity of the hand occ ur s even after division of the 
median nerve above the branches of the flexors. Many of the move- 
ments loot can bo substituted by other movementx and the dlsabiUty 
ti, therefore, not great The loss of fle»on of the terminal phalanx 
of the thumb and of the dmal two phalanges of the index 
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distribution of the median nerve causes loss of active pronation 
However, due to the weight of the part, passive pronation may be 
found even though the pronator teres and pronator quadratus both 
have lost their innervation 



Fjg 40 — Position of hand in presence of paralysis in the region of distri- 
bution of the median nerve The index finger is semiflexed at the metacarpo- 
phalangeal joint. The interphalangeal joints are not flexed Flexion of the thumb 
IS impossible (Stookey in Nelson’s Loose-Leaf Surgery, Vol 2 Thomas Nelson 
and Sons) 


Flexion of the wrist is normally produced by the flexor carpi 
radialis and palmans longus supplied by the median nerve With 
these paralyzed, some flexion of the wrist toward the ulnar side 
IS still possible due to the action of the flexor carpi ulnaris Flexion 
of the fingers is normally produced as follows at the metacarpo- 
phalangeal joints by the interossei, at the proximal interphalangeal 



Fig 41 — Injury to the median nerve Pseudo-opposition of thumb, paralysis 
of opponens pollias muscle The thumb is adducted but not raised, as occurs in 
true opposition (Stookey in Nelson’s Loose-Leaf Surgery, Vol 2 Thomas Nelson 
and Sons) 


jomts by the flexor digitorum sublimis, at the distal mterphalangeal 
jomt by the flexor digitorum profundus To the fourth and fifth 
fingers, the flexor digitorum profundus, supplied by the ulnar nerve, 
IS unaffected Thus considerable flexion remains but it is weaker 
than normal, owing to loss of the action of the flexor digitorum sub- 
limis Smce both flexor digitorum sublimis and flexor digitorum pro- 
fundus, to the middle and mdex fingers, are paralyzed, only the 
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bicep* ihortly after it* emergence, It then deicend* between the bt- 
cep* and brachialis antkna to the elbow where It become* the ex 
ternBl cutaneou* nen'e. Motor branchos »upply the coracobrachlah*, 
bicep*, and part of the brachiali* anbcus, while the ten^ory branchos 
fupply a long area on the anteropottenor lateral aipect of the fore- 
arm that ta, the preaxial border 

Injury to the mu»ciiIociitancou* nerve m the upper third of the 
arm retults m paraljns of the muacles siipplled, which are the chief 
flexor* of the forearm (Fig. 43) Powerful flexion of the forearm, 
however i* still possible through the action of the supinator longui. 
Supmahon of the arm, however ta wealc owing to loss of the suplna 
tor action of the bicep*. 



Fig. 4X — laJarT- to tb« anvcolocutcMoa D«rr«, witfa p«j-al 7 «la of tli« bleeps. 
Not* loa* of eoototjr of blc*pi mtod* fsUor* to ••• bleep* taodon, ernj marbHl 
boHow tn froot of slbcw Belly of breefaloradlalia nrusd* b eeea bi act of flexiaD 
of fetreann (Btookey In N#l»oo» T one* I eef Sursery VoL 2 Tluaia) Keleoti 
and Son*) 

The *en»ory loss is ill-defined post er iorly where there 1* consider 
able overlapping with the musculospiral nerve. On the front of the 
forearm, where the area of sensory loss come* in contact with the 
tntemal cutaneous nerve, it b well defined. 

Internal Cutaneous and Lesser Internal Cutaneous NerVM 

The internal cutaneou* and lewar internal cirtaneou* nerve* are 
teldom affected alone. Usually either the median or uhjar or both, 
suffer at the same tone. They arise from the inner (medial) cord 
of the brachial plexus and are purely seniory in function, supplying 
the mner surface of the arm and forearm that Is, the postaxial border 
Injuries of these nerve* will causa corresponding loss of cutaneou* 
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as well as the loss of opposition of the thumb, will establish the diag- 
nosis. 

Injuries in the lower part of the forearm and wrist will involve 
only the small muscles of the thumb in the thenar eminence 

Sensory Loss m Region of Distribution — Epicritic sensibility is 
lost over the area described It is sharply defined and constant. Proto- 
pathic loss IS much smaller and less constant Because of the preserva- 
tion of deep sensibility, care must be used to avoid ehcitmg deep 
sensibility when testing for epicntic sensibility 

The pattern of the sensory disturbance following complete divi- 
sion of the nerve follows the normal distribution of the nerve as 
described above 

Partial lesions would seem to mdicate that the fibers for the 
pronator teres, flexor carpi radiahs, flexor polhcis longus, and the 
muscles of the thenar emmence occupy the lateral part of the nerve 
The fibers for the flexors of the fingers are mesial The most severe 
forms of nerve irritation, especially the causalgias, are more com- 
mon in association with partial lesions of the median nerve than in 
association with injunes of any other nerve 

Median and Ulnar Nerves 

Combmed involvement of these two nerves is of very frequent 
occurrence because of the close association of the nerves m the 
upper part of the arm and their proximity m the lower part 
The sensory loss is that of the combmed sensory distnbution of the 
two nerves, with a large area of absolute loss due to loss of the com- 
bmed area of nerve overlap In cases of complete paralysis of all 
the muscles supplied by both nerves, flexion of the wrist and fingers 
and pronation of the forearm are gone The action of all the small 
muscles of the thenar emmence, hypothenar emmence, mterossei, 
and lumbncals is also completely lost Adduction and abduction 
of the fingers and opposition of the thumb and fingers are lost There 
is marked wastmg of the palm Injunes of the median and ulnar 
nerves combmed are extremely disabling due to the marked pen- 
articular changes at the metacarpophalangeal and mterphalangeal 
jomts, with fixation of these joints 

Musculocutaneous Nerve 

The musculocutaneous nerve arises with the outer head of the 
median, from the outer (lateral) cord of the brachial plexus It nms 
with the median m the upper third of the arm, then passes through 
the coracobrachiahs muscle, giving off its muscular branches to the 
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bicep* ihortly after ite emergence ft then detcend* between the bi- 
cepe and bradualn anticu* to the elbow where it become* the ex 
temal cutaneous nerve- Motor brttnches tupply the coracobraclualb, 
bicepa, and part of the brachialis anticu*, while the smsory branche* 
supply a long area on the anteropostcnor lateral aspect of the fore- 
arm that i*, the preaxial border 

Injury to the muiculociitaneou* nerve in the upper third of the 
arm results in paralyit* of the muscles suppUed, which arc the chief 
flexor* of the forearm (Fig. 43) Powerful flexion of the forearm, 
however is still possible through the action of the supinator longu*. 
Supmation of the arm, however Is weak owing to loss of the tuplna 
tor action of the biceps. 



Fif. 45. — Inh^T to tmnculocutaDWQS imre, with paraljtis ol tb* bleep*. 
Note Ion ot coatour of bleep* nraecle- faDoTV to ••• biceps fnt] merged 

boUov in front ot elboer BeOf of hrecfatcredUU* moecle U seen in act of flexion 
of foreerm (Btooker in Kelenn's L o o ee L ee f Snrferx Vob 2. Tboouu Neboo 
end Sons) 

The sensory lo«i is lU-dcfined poatenorly where there is consider 
able overlapping with the musculospiral nerve. On the front of the 
forearm, where the area of sensory loss comes in contact with the 
internal cutaneous nerve, it b well defined. 

Internal Cutaneous and Leaser Internal Cutaneoos Nerves 

The mtemal cutaneous and lesser mt er n al cutaneous nerve* are 
seldom affected alone. Usually either the median or ulnar or both, 
suffer at the same time. They arise from the inner (medial) cord 
of the brachial plexus and are purely sensory In function, supplying 
the mner surface of the arm and forearm that is, the postanal border 
Injuries of these nerve* will caise corresponding loss of cutaneous 
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sensation They seldom require surgical measures unless painful nerve 
ends have formed 

Circumflex Nerve 

The circumflex nerve arises from the posterior cord of the brachial 
plexus and passes through the quadrilateral space, to wmd around 
the posterior surface of the neck of the humerus, entenng the deltoid 
muscle 

Motor branches supply the deltoid and teres minor muscles Sen- 
sory branches supply the skin on the upper lateral aspect of the arm 
and shoulder 

Injury to the circumflex nerve results m paralysis of the deltoid 
and teres minor muscles Abduction of the arm is impossible Slight 
substitution movements are possible through the supraspmatus 
There is a sensory loss over the region described Isolated injury to 
the circumflex nerve is exceedingly rare m association with war 
wounds Paralysis of the deltoid muscle is commonly seen m the 
presence of lesions of the brachial plexus, especially paralysis of the 
Duchenne-Erb type 

Long Thoracic Nerve 

The long thoracic nerve arises from the fifth, sixth, and seventh 
cervical roots, close to the mtervertebral foramma It pierces the 
scalenus medius muscle as two trunks, descends along the side of 
the neck behind the cords of the brachial plexus, and enters the 
axilla between the superior edge of the serratus anterior and the 
axillary artery It then contmues its downward course over the axil- 
lary surface of the serratus, to the slips of which it is distributed. 

Injury to the long thoracic nerve results m paralysis of the ser- 
ratus anterior muscle, preventing fixation of the scapula This mter- 
feres with weight carrying and also with elevation of the arm at the 
shoulder, especially abduction. “Winging” of the scapula is character- 
istic of lesions of this nerve (Fig 44) 

Brachial Plexus 

The brachial plexus is formed by the anterior primary divisions 
of the fifth, sixth, seventh, and eighth cervical nerves, and the first 
thoracic nerve These nerves appear in the posterior triangle of the 
neck. After entenng the postenor triangle, the fifth and sixth roots 
umte, the seventh remains alone, and the eighth cervical and first 
thoracic unite to form the three primary cords Each of these cords 
then divides into an antenor and postenor portion The anterior 
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sensation They seldom require surgical measures unless painful nerve 
ends have formed 

Circumflex Nerve 

The circumflex nerve arises from the posterior cord of the brachial 
plexus and passes through the quadrilateral space, to wmd around 
the posterior surface of the neck of the humerus, entering the deltoid 
muscle 

Motor branches supply the deltoid and teres minor muscles Sen- 
sory branches supply the skin on the upper lateral aspect of the arm 
and shoulder 

Injury to the circumflex nerve results m paralysis of the deltoid 
and teres minor muscles Abduction of the arm is impossible Slight 
substitution movements are possible through the supraspmatus 
There is a sensory loss over the region described Isolated injury to 
the circumflex nerve is exceedingly rare in association with war 
wounds Paralysis of the deltoid muscle is commonly seen in the 
presence of lesions of the brachial plexus, especially paralysis of the 
Duchenne-Erb type 

Long Thoracic Nerve 

The long thoracic nerve arises from the fifth, sixth, and seventh 
cervical roots, close to the intervertebral foramina It pierces the 
scalenus medius muscle as two trunks, descends along the side of 
the neck behind the cords of the brachial plexus, and enters the 
axilla between the superior edge of the serratus anterior and the 
axillary artery. It then contmues its downward course over the axil- 
lary surface of the serratus, to the slips of which it is distributed. 

Injury to the long thoracic nerve results in paralysis of the ser- 
ratus anterior muscle, preventmg fixation of the scapula This inter- 
feres with weight carrying and also with elevation of the arm at the 
shoulder, especially abduction. "Wmging” of the scapula is character- 
istic of lesions of this nerve (Fig 44) 

Brachial Plexus 

The brachial plexus is formed by the anterior primary divisions 
of the fifth, sixth, seventh, and eighth cervical nerves, and the first 
thoracic nerve These nerves appear in the posterior triangle of the 
neck After entering the posterior triangle, the fifth and sixth roots 
unite the seventh remains alone, and the eighth cervical and first 
thoracic unite to form the three primary cords Each of these cords 
then divides mto an anterior and posterior portion The anterior 
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M a rulft, tfl the formation of two or more nervei. If the artery j» 
injured in addition to the nervei, acbemic paralyaii may r«ult 

Certain nervet are given off high up m the pleiui, involvement 
of which in an injury may aid in localization of the le*ion- Theme 
are the ntfVM to the rbomboKl moaclea, from the fifth and aixth root* 
and the long thoracic to the »erTatia ontenor from the fifth, KXth, and 
•eventh root*. 

Leaioni of the nerve rooti and primary ccrda of the brachial 
plexiu produce lymptoma and algna which, m their diatribuhon, both 



Ft*. ^7 — Injrtry ol bo cVtUt pUus o< ao aiSalt Total miWoo of tb* trrwlil*] 
Not* tb# ni*rt*d ttropby of tfi* moscnUtni# of th* *tnll# m 

w«a M Um tin»aiI*tQr« of tfa* .rm (8toob«r In Nibooi Loom-Lm/ Sor*«T 
V(^ 2. Thnnw Nolaon cod Bant) 


motor end teomory are tegmental in type. They give ri»e to two dii 
ferent ■yndroffle* that of the upper part of the cord, or the Ducbenne- 
Erb eyndrome, and that of tiie lower part of tiie cord, or the 
Duchenno-Aran (Klumpke) ayndrome. 

Tbo Duc/wnoe-Erb Syndrome — ^Thia reeultt eeaentially from a 
lakm of the anterior primary dlviaion of the fifth and aixth cervical 
nerve*. The mu»clea involved are tho«e paralyxed in the ao-caHod 
birth palsies the deltoid, bicep*. brachiali* anticia, and supinator 
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divisions of the fifth, sixth, and seventh cervical, and first thoracic 
unite to form the inner (medial) cord, and the posterior divisions 
combine to form the posterior cord The cords then break up into 
the nerves of distribution (Figs 45, 46). 

Involvement in Injuries — Injuries of the brachial plexus (Fig 47) 
are relatively uncommon, possibly because coincidental injuries to great 
vessels, m association with severe wounds of the neck, clavicle, and 
shoulder frequently prove to be fatal. Hence, damage to the brachial 
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Fig 46 — Right plexus brachialis with its short branches, viewed from m fro*!^ 
(Spalteholz Hand Atlas of Human Anatomy, Vol 3 J B Lippincott Co ) 


plexus does not appear among the later statistics of nerve injures 
In the statistics available such damage represents only about 5 per 
cent of the nerve injuries Extensive wounds of the shoulder girdle 
often result m the tearmg of muscles and tendons, complicatmg 
the nerve lesion Involvement of the secondary cords of the plexus 
often follows dislocation of the shoulder and attempts to reduce it- 
In these cases the distribution of the paralysis is m the domain of 
one or more peripheral nerves, smce the secondary cords contnbute, 
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injuries of peripheral nerves 

at a rule, to the formation of two or mora nerve*. If the artery « 
injured in addition to the nerve*, bdieralc paralyil* may reeulL 

Certain nerve* are given off high up m the plemii, involvement 
of which in an mjury may aid in localUatkm of the le»Km. The»e 
are the nerve* to the rhomboid mutde*. from the fifth and anrth root* 
and the long thorectc to the »erratu* anterior from the fifth, nxth, and 
feventh roots. 

Letkms of the nerve root* and primary cord* of the brachial 
plexui produce ■ymptom* and tlgn* which, m their datribubon, both 



Plf. 47 — Injury of hrKhUl pUxot ol ma wlolt. TcrUl rmliloa of tb* brmcfaUJ 
pUxm. Not* th* £a*ii»d o£ Um noacnl*tnr« of lb* m 

won •« th« mrtirTilatiTr* of tb* *1111 (Sttxdny in N«l«o ■ l.oo**-L**f Sorfwy 
VoL 1 . Tboroos Nelm tod Bon) 

motor and •eniocy are segmental in type. They give rite to two dil 
ferent *yodrome* that of the upper part of the cord, or the Ducbenne- 
Erb fyndrome, and that of the lower part of the cord, or tbe 
Ducheime~Aran (Klumpke) syndrome. 

The Ihichonne-Erb Syndrome. — ^Thi* result* eaaentially from a 
letioa of the anterior primary divtoion of the fifth and rath cervical 
nerve*. The muscle* Involved are tbo*e paralyied in the so-called 
birth palsies the deltoid, bicep*, brachiali* *ntlcu% and ■upmator 
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divisions of the fifth, sixth, and seventh cervical, and first thoracic 
unite to form the inner (medial) cord, and the posterior divisions 
combme to form the posterior cord The cords then break up into 
the nerves of distribution (Figs 45, 46) 

Involvement in Injuries — Injuries of the brachial plexus (Fig 47) 
are relatively uncommon, possibly because coincidental injunes to great 
vessels, m association with severe wounds of the neck, clavicle, and 
shoulder frequently prove to be fatal Hence, damage to the brachial 
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Fig 46 — Right pleiois brachialis with its short branches, 
(Spalteholz Hand Atlas of Human Anatomy, Vol 3 J 


viewed from in front 
B Lippincott Co ) 


plexus does not appear among the later statistics of nerve injunes 
In the statistics available such damage represents only about 5 per 
cent of the nerve mjunes Extensive wounds of the shoulder girdle 
often result m the tearing of muscles and tendons, complicating 
the nerve lesion Involvement of the secondary cords of the plexus 
often follows dislocation of the shoulder and attempts to reduce it 
In these cases the distribution of the paralysis is m the domain of 
one or more peripheral nerves, smce the secondary cords contnbute, 
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u « TOle. to the fomubon of two or moro nen-». If the arterr n 
mjured to edditioD to the nerves licheinic pareljTij may retulh 

Certain nerve* are given off high up m the plem*, involvement 
of which in an miury may aid m localixahon of the le*ion. The*e 
are the nerve* to the rhomboid mu*de*. from the filth and Hath root* 
and the long thoracic to the aerratu* anterior, from the fifth, iiith, and 
»eventh root*. 

Laaion* of the nerve root* and prunary cord* of the brachial 
pleiu* produce aymptom* and *ign* which, m their dntribuhon, both 



Flf. 47. — lohoy at brachUl pUxm of an wfolt. Total vroltion of tha broefaUl 
p f oTtn , Not* tb* mtrapbf oC tb* nmenlatxff* of tb* alxmldcr ffrrfT* m 

«*11 •* tba mntcnUttn of tb« cnn (Stooby {a N*l«oo ■ laOcaa-Laof S imij 
VoL 2. Thnmn N*l«oo Sooa) 

motor and sensory are *e«mctital in type. They n*e to two dif 
lerent lyndromei that of the upper pert of the cord, or the Dxichcnne- 
Erb tyndrome, and that of the lower part of the cord, or the 
P nch i mn e-Aran (Klumplce) syndrome. 

The Dtichetme-Erb Syrjdrotne. — ^ThJ* result* e»entially from a 
lesion of the antenor primary diroion of the fifth and Kxth cervical 
nerve*. The muscle* mvolved are thoae paralyied m the so-called 
birth palsies the deltoid, biceps, brachiali* anticus, and supinator 
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divisions of the fifth, sixth, and seventh cervical, and first thoracic 
unite to form the mner (medial) cord, and the posterior divisions 
combme to form the posterior cord The cords then break up mto 
the nerves of distribution (Figs 45, 46) 

Involvement m Injuries — Injuries of the brachial plexus (Fig 47) 
are relatively uncommon, possibly because coincidental injuries to great 
vessels, in association with severe wounds of the neck, clavicle, and 
shoulder frequently prove to be fatal Hence, damage to the brachial 
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Fig 46 — ^Right plexus brachialis with its short branches, viewed from in front 
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plexus does not appear among the later statistics of nerve mjunes 
In the statistics available such damage represents only about 5 per 
cent of the nerve mjunes Extensive wounds of the shoulder girdle 
often result m the tearmg of muscles and tendons, complicatmg 
the nerve lesion Involvement of the secondary cords of the plexus 
often follows dislocation of the shoulder and attempts to reduce it 
In these cases the distnbution of the paralysis is m the domain of 
one or more penpheral nerves, smee the secondary cords contnbute. 
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doe* not dilate when *baded (paraly*i* of the dilator pupQlae) 
drooping of the eyelid (paralyti* of the cnooth mutcle fiber* in the 
levator palpebrae) am^lTig in of the eyeball (enoph thalm oa) and 
narrowing of the palpebral fi**ure (paralyia of Miiller'* orbital ma»- 
cle) There may be temporary redden mg of the face, neck, and arm, 
and va*odilatioo doe to paralyti* of the vasoconitricton as well as 
loss of sweating on the affected side of the face and upper extremity 
Irritation of CervrcaJ Sympathetic fVerves. — Irritation of the cer 
vical sympathetic nerves produces dilatation of the pupil, widen in g of 
the palpebral fissure and exophthalmos. This irritation of the cervical 
sympathetic nerves is rarely observed after mjune* of nerves. 



Fl(. 40 — Infitir to »» rnnt.l i r y ootvr conh of brodjl*] pl4aQt vltb psrajjib 
of tb« nnt»ciilocat«aM(B cad medien dcttm. Note Iocs of co o tou r of Ucepe 
maaelc txI podtiaa of thrmib (Stookey In NcUen • Loo— L— f Serfarj VoL 2 . 
Thom— Nclfon cad Soca) 

Leefons of Secondary Cords. — Lesions of the secondary cords give 
rise to symptoms and signs having the same type of distribution, both 
sensory and motor as lettons of the peripheral nerve*. They differ 
however m that the muscle* paralyzed are served by two, or parts 
of two, penpheral nerve*. For instance, a lesion of the mesial cord will 
miure a part of the median nerve pha the ulnar nerve, whereas a 
lesion of the lateral cord will injure pert of the median nerve plus the 
musculocutaneous. 

Lesions of the mettal secondary cord result in paralysis of all the 
mtnnsic muscles of the hand and of some of the flexors of the w ris t 
and finger*, especially on the ulnar ride. Loss of sensation along the 
inner ride of the arm and forearm u a result of involvement of the 
internal cutaneous and lesser mtemal cutaneous nerve*. There i» no 
mvolvement of the cervical sympathetic nerves, as the white rami 
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longus and, m addition, there is some involvement of the flexors of 
the wrist and fingers (Fig 48) There is a more or less well-defined 
area of hypesthesia or anesthesia over the sensory distribution of 
the fifth and sixth cervical roots Owing to the overlap of adjacent 
roots, however, this is variable m extent 

The Duchenne-Aran Syndrome — ^This results from a lesion of 
the eighth cervical and first thoracic roots or of their combmed pri- 
mary cord. Injury results in paralysis of nearly all the small mus- 
cles of the hand, with the exception of the superficial muscles of 



Fig. 48 — Injury of brachial plexus of an adult involving the fifth, sixth, 
and seventh cervical roots of the left side The eighth cervical and first thoracic 
nerves have escaped injury (Stookey in Nelson’s Loose-Leaf Surgery, VoL 2 
Thomas Nelson and Sons) 

the thenar emmence and the flexors of the wrist and fingers The 
sensory disturbances m association with lesions of the first thoracic 
root are much better defined than those m association with lesions of 
the eighth cervical root and are confined to the mner aspect of the 
arm, forearm, and hand, that is, they are m the root distribution of 
the eighth cervical and first thoracic nerves Oculopupillary symptoms 
accompany this lesion, as the sympathetic nerves for the superior 
cervical ganglion leave the cord through the eighth cervical and first 
thoracic roots Injury of these fibers results m a small pupil which 
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doe* aot dilate ’iphcn ihaded (paralyn* of the dilator papillae) 
drooping of the eyelid (poralyro ol the smooth muscle fiber* m the 
levator palpebcae) tmking in of the eyeball (enoph thalm os) and 
naiTOWing of the palpebral fi»»iire (parBljTO of MQIler** orbital mus- 
cle) There may be temporary reddening of the face, neck, and arm, 
and vasodilatjon due to paralj**!* of the vasoconstjictors as well a* 
lose of fweating on the affected side of the face and upper extremity 
Imiation of Cervtcal SyzrxpAihettc Nerves . — Imtation of the cer 
vreal sympathetic nerve* produce* dilatation of the pupil* wid eni ng of 
the palpebral fissure, and cxophtbalmoa. This tmtatioo of the cervical 
sympathetie nerve* ts rarely obterved after injunea of nerves. 



Flf. 49 — lajarjr to ■octu.idtr/ ovtor cord* of jimxaa whb panJrils 

of tbo r nn» . tllnrTT»»i.,» rti,f »nA tnatHti OOTTOO. NotO lOH Of COPtOUf ol 
rnmrW ood poddan of dramb (Stooby in Kolfooi Looio L—f Sarruy VoL L 
Thom*t Noljna sod Sou) 

LemotiM of Secondary Cords. — Lesions of the *eccaidajy cords gtv« 
nsa to symptoms end sign* havmg the same type of distribution, both 
sensory and motor as lesion* of the peripheral ner v es. They differ 
however in that the muscle* paralysed arc served by two, or parts 
of two, peripheral nerves. For Instance, a lesion of the mesial cord win 
mfure a port of the median nerve plus the ulnar nerve, whereas a 
lesion of the lateral cord will injure part of the median nerve plus the 
musculocutaneous. 

Lenon* of the mesjoJ secondary card result m paralysis of all the 
mtnnsic muscle* of the hand and of some of the flernf f of t>>*» mxj t 
and fingers, espemally on the ulnar side. Loss of sensation along the 
inner tide of the arm and forearm u a result of mvolvement of the 
urternal cutaneou* and lesser mtemal cutaneous nerves. There ts no 
mvolvement of the cervical lympathedc nerves, as the white rami 
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communicantes have already left the nerve trunks to jom the sym- 
pathetic cord. 

LfCsions of the lateral secondary cord result m paralysis of muscles 
supplied by the musculocutaneous and the outer head of the median 
nerves, the biceps, coracobrachialis, brachialis anticus, and flexors of 
the fingers and wnst. There is anesthesia along the outer aspect of 
the forearm (Fig 49) 

Lesions of the posterior secondary cord produce paralysis of the 
biceps, deltoid, and extensors of the wrist and fingers 

Cervical Plexus 

The cervical plexus is formed from the anterior primary divisions 
of the first four cervical nerves From the plexus arise sensory nerves 
distributed to the skm of part of the head, neck, and shoulders (lesser 
occipital, great auricular, and descendmg cervical nerves) 

The chief muscular branch is the phrenic nerve, which arises 
mainly from the fourth cervical nerve, descends on the scalenus ante- 
nor muscle, enters the thorax, and is distributed to the diaphragm 
Paralysis m the region of distnbution of the phremc nerve results m 
loss of active movement of the diaphragm on the side of the mjury 
The costal angle is usually more obtuse on the side of the paral 5 ^is 

Sciatic Nerve: Peroneal and Tibial Divisions 

These comprise the two main nerves of the sacral plexus, boimd 
together by an mvestmg sheath which contams, m addition to the 
common peroneal and tibial nerves, a subordmate branch of each, 
namely, the nerve to the hamstnng muscles, from the tibial nerve, 
and the nerve to the short head of the biceps femons muscle, from the 
peroneal nerve A thick band about % mch (1 27 cm ) m breadth is 
formed, consistmg, from medial to lateral, of nerves to the hamstnng 
muscles* namely, the tibial nerve, the common peroneal nerve, and 
the nerve to the short head of the biceps muscle 

Course and Distribution. Sciatic Nerve — ^The sciatic nerve ex- 
tends through the buttock mto the back of the thigh. Forrmng a con- 
tmuation of the sacral plexus, it enters the buttock by passmg through 
the greater sciatic foramen, between the pinformis and superior 
gemellus muscles Concealed by the gluteus maximus muscle, it passes 
into the thigh, accompamed by the mfenor gluteal artery and the 
artena comitans nervi ischiadici. It hes between the greater trochanter 
of the femur and the tuberosity of the ischium and enters the thigh 
beneath the gluteus maximus muscle At that spot it is compara- 
tively superficiaL In the thigh it is placed on the adductor magnus 
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muscle, anterior to the hamstrmg muscles, and it terminates at a 
variable point by dividing into the tibial and common peroneal 
nerves As already has been stated, these two nerves may be separate 
from their origins and their separation may occur at any point be- 
tween the greater sciatic foramen and the proximal part of the 
popliteal fossa (Fig 50) 

The Common Peroneal Nerve — This nerve is concealed at first 
by the biceps muscle Following the tendon of that muscle, the nerve 
passes obliquely through the proximal and lateral parts of the pop- 
liteal fossa and over the lateral head of the gastrocnemius muscle to 
the posterior aspect of the head of the fibula In the distal part of its 
course it is superficial but at its termmation it is covered by the 
peroneus longus muscle The termmal branches of the common 
peroneal nerve are three the recurrent tibial, the deep peroneal, 
and the superficial peroneal They arise just distal to the head of the 
fibula (Fig 51) 

Deep Peroneal Nerve — ^This nerve passes obliquely, distally, 
under cover of the peroneus longus, extensor digitorum longus, and 
extensor hallucis longus muscles, to the front of the leg In its course 
It IS deeply placed on the mterosseous membrane and the distal part 
of the tibia, m company with the anterior tibial artery Collateral 
branches are given off to the muscles between which the deep 
peroneal nerve passes, namely, the tibiahs antenor, the extensor 
hallucis longus, the extensor digitorum longus, and the peroneus 
tertius 

Superficial Peroneal Nerve — ^This nerve lies in a sheath in 
the mtermuscular septum, between the peronei and the extensor 
digitorum longus, it proceeds distally m front of the fibula to the 
distal third of the leg, where it pierces the deep fascia in two branches, 
medial and lateral Collateral muscular branches are distributed to 
the peroneus longus and peroneus brevis, as the nerve lies in rela- 
tion to these muscles Termmal cutaneous branches go to the medial 
and lateral aspects of the leg 

Tibial Nerve — The tibial nerve, at the bifurcation of the sciatic 
nerve, passes onward through the pophteal fossa and the back of the 
leg In the pophteal fossa it is concealed at first by the semimembran- 
ous and the other hamstrmg muscles It passes to the medial side of 
the popliteal vessels and is thereafter found on the pophteus muscle, 
tmder cover of the gastrocnemius and plantans In the back of the leg, 
from the distal border of the pophteus muscle to the ankle, the tibial 
nerve hes on the tibialis posterior muscle and the tibia and, along 
with the posterior tibial vessels, occupies a sheath in the mtermus- 
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pjg 52 Sensory loss in association with lesions of the sciatic nerve (Pollock 

and Davis Peripheral Nerve Injuries Paul B Hoeber, Inc ) Key See Fig 30 
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cular ieptum teparatuig the niperficial and deep mu*cle* of the bach 
of the log. It termmatei under cover of the internal annular 
(lacmiate) Ugament by dividing mto the lateral and medial plantar 
nerve*. Miacular brancftea aroing m the popbteal fo**a proinnal to 
the knee jomt include nerve* for the two head* of the gaitrocnemlu* 
and for the plantan*. Tbete brancbea enter the mu*cle* at the border* 
of the popliteal fo**a, A nerve for the aoleua muacle enter* the 
luperficlal turface of the muscle A nerve for the pophteu* mut* 
do p***o» over the turface of that muscle and, after winding around 
it* distal border supplies it on its deep (anterior) surface. As this 
nerve pane* below the pophteu* muscle it supplies branches to tbe 
HLifllt* posterior In tbe back of tbe leg, distal to the knee jomt, 
branches serve the flexor digitorum longus and flexor hallucis longus. 
The terminal branches of the tibial nerve are the medial and lateral 
plantar nerves, which supply tbe plantar muscles of the foot and 
which rejdster sensatiofl over tbe plantar surface* of the foot and 
tbe dorsal surfaces of the terminal phalange*. 

Injury do Perortea/ iVerve*. — Iniury to the peroneal nerve* result* 
in loss of dorsal flexion, with footdrop, due to paralysis of the tibialis 
anterior extensor digitorum longus, sond extensor hallucis longus loss 
of abduction or elevatioa of tbe lateral border of tbe foot, due to loss 
of action of tbe tibialis onterkir and peroneus longus and brevis, and 
weakness of adduction of tbe foot doe to paralysis of the tibialis ante* 
nor For the same reason the inner arefa of the foot is weakened- 
Cutaneous sensiHlity is lost over tbe antaro-external aspect of tbe 
leg and dorsum of the foot (Fig. 53) 

Deep Peroneal Nerve — Injury to the deep peroneal nerve oc 
curs with wounds in the fro n t of the leg. Complete division result* in 
footdrop, with contracture of tbe AcMIIes tendon. Sensory disturb- 
ances are found on tbe adjacent surface* of the first and second toes. 
Wounds low in tbe leg may involve only the fibers for the extensor 
hallucis kmgus and extensor digitorum brevis (Fig. S3) 

Superficial Peroneal Nerve — Injury to the superficial pero- 
neal nerve occurs with wound* in the lateral aspect of the leg, cautmg 
peralytis of die perooeL Everskm of the foot a impossible Cutaneous 
sensibiUty is lost over tbe anterolateral aspect of the leg and dorsum 
of tbe foot but tbe lateral aspect of tbe foot, suiiplied by the e rtw i.aT 
saphenous nerve, is spared. Injury to the nerve below tbe point of 
ongtn of the nerve* to the peronei will give only sensory disturbances. 

Injury to Tibial Nerve , — Injury to the tibial nerve result* in paral 
ysM of the gastrocnemius, soleus, plantaris, tibialis posterior flexor 
hsUoci* longus, and flexor digitorum longus muscles, as well as of the 
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plantar muscles of the foot. There is loss of plantar flexion of the ankle 
due to paral3'sis of the gastrocnemius and soleus muscles, and loss of 
flexion of the toes due to paralj'sis of the flexor digitorum longus, 
flexor hallucis longus, and flexor digitonim brevis Adduction of the 
foot is vreak, due to paral3’sis of the tibialis posterior, but is not lost, 
since in stalking there is no spring to the step, as the patient cannot 
force his heel from the ground. There is loss of cutaneous sensibihty 
ov'er the v.’hole sole of the foot, back of the heel, and outer surface 
of the foot 

Ihjuiy to the tibial ner\’^e somewhat distal to the border of the 
popliteal muscle v,ill spare the gastrocnemius and soleus muscles The 
flexor di^orum longus and the flexor hallucis longus and the small 



Eig. 53 — Splmt for footdrop Tins -epbiA is made of No 11 spring steel 
-wire, lield to the -^oe -ndth fottr -pieces of paano tvire and to the leg ty a canvas 
bend pasang around the calf, betn^een 1be tn o -wires (BuerH: Arch. Neurot and 
Ptychiat.3. 

muscles of the plantar surface of the foot how^ever, "will be affected, 
but this impairment ma3'- be overlooked unless it is sou^t 

Complete Division . — Complete division of the great sdatic nerve 
-wall give a combmation ol Hie symptoms of division of the tibial and 
peroneal nerves. All movements of the foot and toes are lost If the 
nerv^e is divided at the level of the middle of the thigh, the semi- 
tendinosus may -escape, as its ner\’-e is ^ven off very high. This will 
permit vreak flexion of the knee. Slight flexion of the knee is also 
pos^le through the gracilis muscle, supphed by the obturator nerve 
There is extensive loss of sensibility below^ the knee, the inner surface 
of the leg (internal saphenous) alone escaping. 

IrritsHons and Partial Syndromes. — Irritating lesions, vrith 
marked vasomotor and trophic disturbances, are common. Injuries of 
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tbo idsac trunk «nd of tbo median nerve are the meat frequent 
lourcei of cauialguL Partial eyndromea are frequent, owmg to the 
tne of the nerve. The peroneal and tiblal nervei, though bound to- 
gether are really leparate nervei well up m the thigh- In injunea of 
the idatic trunk the peroneal dlviaion la much mare likely to luffer 
u-ae the abud divlalon. Thu part of the icfatic nerve Iiea more toper 
lu-al than the tilnal, owing to the fact that the adatic la aomowhat 
rotated- 



Plf. 54 — UiM of tnciclaa far «rpo«ur* o/ tb* idstlf ntrr* it tb* irro- 
Ki«tic poCcb cod !□ tt< opp«r tUrd ( 8 took «7 lo Nalaoni LooM-I>««f 
VoL 2. Tboma Ntlsaci and Boa) 

Small Sdatlc Nerve 

Tbe tmell sdatK; cerve arise* Irom the fint, second, and third 
sacral roots. It leaves the pelvis with the great sdatlc and descends 
in the back of tbe thigh, buttock, and perineum (Figs. 54 55) 

Anterior Cmnd (Femoral) Nerve 

Tbe anterior crural nerve arises from tbe lumbar plexus. It 
croeie* the fliac fo»a and enters the thigh beneath the m pTHiat Uga- 
ment, lateral to the great vessels. Under tbe Inguinal ligament it 
divides into it* several branches to the musdes and atrin of the 
t h ig h . One branch of the anterior crural nerve, namely tbe intemaJ 
saphenous nerve, coatinuei on down the inner nde of the leg and foot 
The anterior crural nerve supplies the cjuadrKep* extensor sar 
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plantar muscles of the foot There is loss of plantar flexion of the ankle 
due to paralysis of the gastrocnemius and soleus muscles, and loss of 
flexion of the toes due to paralysis of the flexor digitorum longus, 
flexor hallucis longus, and flexor digitorum brevis. Adduction of the 
foot is weak, due to paralysis of the tibiahs posterior, but is not lost, 
smce m walkmg there is no spring to the step, as the patient cannot 
force his heel from the ground There is loss of cutaneous sensibility 
over the whole sole of the foot, back of the heel, and outer surface 
of the foot 

Injury to the tibial nerve somewhat distal to the border of the 
popliteal muscle will spare the gastrocnemius and soleus muscles The 
flexor digitorum longus and the flexor hallucis longus and the small 



Fig 53 — Splint for footdrop This splint is made of No 11 spring steel 
wire, held to the shoe with four pieces of piano wire and to the leg by a canvas 
band passmg around the calf, between the two wires (Buerki Arch Neurol, and 
Psychiat.) 

muscles of the plantar surface of the foot, however, will be affected, 
but this impairment may be overlooked unless it is sought. 

Complete Division — Complete division of the great sciatic nerve 
will give a combmation of the symptoms of division of the tibial and 
peroneal nerves All movements of the foot and toes are lost If the 
nerve is divided at the level of the middle of the thigh, the semi- 
tendmosus may escape, as its nerve is given off very high This will 
permit weak flexion of the knee Slight flexion of the knee is also 
possible through the gracilis muscle, supplied by the obturator nerve 
There is extensive loss of sensibility below the knee, the mner surface 
of the leg (mtemal saphenous) alone escapmg 

Irritations and Partial Syndromes — Irritating lesions, with 
marked vasomotor and trophic disturbances, are common. Injuries of 
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the field, often cause death- Complete division can occur only in the 
pelvis or beneath the mguinal ligament In the upi>er part of the 
thi^ the nerve already h« broken up into its several branches and 
mjnry u^ll affect only a few of these. The chief symptom of division 
of the anterior crural nerve is loss of extension of the leg due to 
paralysis of the quadriceps extensor muscle. 

Lom or impairment of cutaneous sensibility over the antero- 
Intemal asjiect of the thigh, and loss of cutaneous sensibility over the 
inner aspect of the knee, left and foot follow section of the anterior 
crural nerve. 

The mtemal taphenota nerve may be mjured alone m the thigh 
or leg. Divmon will result m loss of cutaneous sensibility over the 
inner aspect of the knee, leg and foot. 

Obturator Nerve 

The obt ura tor nerve arises from the lumbar plexus. It crosses the 
hnm of the pelvis and enters the thigh by the obturator fora men . 
It is the motor nerve for the adductors of the thigh and for the 
gracilis muscle end it tupphet sensation over a small area on the 
Vswer inner aspect of the thigh. 

CcatpJete division of the nerve remits In loss of power In adduc 
tion of the thigh. The loss Is not complete, as some fibers to the 
adductors anse f r om the anterior crural and sciatic nerves. There is 
generally no loss of sensation, owing to overlapping with adjacent 
cutaneous ner v es. 

Extmud CulaneouB Nerve 

The external cutaneous nerve arises from the lumber plexus. It 
craves the pelvis high up and enters the thigh below the mguinal 
ligament It it purely sensory and supplies the upper portion of the 
thi^ Section of the nerve results in loss of cutaneous sensibility in 
this region. Neiual^a of the external cutaneous, meralgia paraes- 
thetica, n not an uncommon condition. It is charactenxed by spon- 
taneous pami and diminished sensation m the region supplied by the 
nerve 

Genltocrural Nerve 

The gmillocnjral narve Kippita. raiory fiber, to the middle of 
the upper pert of the thigh and the ecrotum. Drvljron of the nerro 
remit* In no Ion of mmatron but may cause pama in the upper part 
ol the thigh and the scrotum. 
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tonus, and pectineus muscles, and gives branches to the psoas and 
the adductors Several sensory branches supply the antero-mtemal 
surface of the thigh The internal saphenous nerve continues on down. 



Fig 55 — ^Exposure of the sciatic nerve with separate suture of the small 
sciatic, the nerve to the hamstrings, the sciatic, and the branch to the femoral 
head of the biceps The gluteus maximus muscle has been cut at its insertion 
and reflected medially, together with the large gluteal vessels (Stookey Sur- 
gical and Mechamcal Treatment of Peripheral Nerves) 

crosses the mner side of the knee, and descends on the inner aspect 
of the leg to the foot 

ESects of Injuries — Injury to the anterior crural nerve is com- 
paratively rarely encountered with war wounds, possibly agam because 
of its close proximity to the great vessels which, when damaged on 
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the result i* that /our io tlx months frequently must elapse 
betwee n the time of the injury and the time when the nerve can bo 
repaired. Loo of toft tinue, broken bonet, otteomyeliti*, and foreign 
bodiei, all further delay the tone at which repair of the nerve can 
be tafely undertaken. 

Awaiting Spontaneous Recovery — Spontaneous recovery of func 
non of paralysed muicles occurs m some cates wherein the nerve it 
not actually divided at the time of Injury but merely bruited. It may 
therefore, be proper to withhold surgical exploration for a period of 
four to SIX months after the injury to allow spontaneous recovery to 

place. Repeated careful clinical examination should, of course, 
bo made from time to time to note any contraction of the field of 
sensory lost, return of muscle tone, or improvement in the reactions 
of the muscles to electrical stimulation. To await spontaneous regen 
oration longer than three months after a wound has healed is rarely 
considered justifiable, although It is generally recognised that the 
first cign of regeneration may frequently not appear until 

much later 

Expotun Followed by Coneervatrve TruatmenL — The time at 
wtoch exploration should be undertaken in these cates has been a 
problem to all doing neurologic surgery Experience has indicated that 
a radical attitude for exposure of the nerve, whh conservative treat 
ment after exposure, is best in the majorit y of instances. If this prac 
tice is followed, then it will happen, of course, that tome who might 
have r ecovered without surgical treatment will undergo a needless 
operation. But even among a certain number of these patients regen 
eration may be hastened rather than jeopardised by liberating the 
nerve fr om scar tissue and by preparing a more suitable bed for the 
nerve. On the other hand, If loss of substance of a nerve is found at 
operation, the nerve may be sutured and the time lost in waiting for 
spontaneous regeneration saved. Extensive regressive changes In 
muKles, joints, and tendons are thereby lessened and better end 
results ere obtained. This is of special importance m association with 
lesions of the ulnar nerve, since the small muscles of the honM undergo 
very early and marked regressive changes which are particularly in 
capacitating. Too much emphasis, however cannot be laid on con- 
servative treatment of the exposed nerve. 

Second Eipoeure Followed by Suture — If no signs of regenera 
tion have occurred within six to eight weeks after a nerve has been 
liberated, exploration again, with suture, Is indicated. Although it is 
true that in such cases some time has been lost. If regeneration should 
occur after liberation only complete return of function may take 
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Iliohypogastric and Ilio-inguinal Nerves 

The iliohypogastric and ilio-inguinal nerves arise from the first 
lumbar root. They are sensory nerves but with no area of exclusive 
sensory supply. Injury to the nerves results m no loss of sensibility 
but may give rise to pains in the upper outer, and upper inner, por- 
tions of the thigh 

Lumbosacral Plexus 

While the lumbosacral plexus gives rise to all of the nerves of the 
lower extremity, mjuries of the plexus are seldom encountered, owmg 
to the associated serious and usually fatal mjuries to great vessels 
and other tissues and organs which accompany them 

However, in the differential diagnosis of lesions of nerves of the 
lower extremity, the segmental supply of the muscles of the lower 
extremity must be considered The surgeon had best refer to the 
complete tables of segmental supplies of peripheral nerves available 
in the standard works on anatomy 

GENERAL PRINCIPLES OF NERVE REPAIR 

Indications for Surgical Measures 

Awaiting Subsidence of Infection — An injured peripheral nerve 
can be explored and, if necessary, sutured at any time withm five or 
six hours of the mjury, provided that thorough debridement and 
cleansmg of the wound is done 

Under conditions of combat, however, most wounds are already 
mfected when they are seen by the neurologic surgeon In such cases, 
the first consideration must be to treat the mfecbon and secure sound 
healmg Not imtil the wound has completely healed and has re- 
mained healed for about three months, should an attempt be made to 
suture a divided nerve f When this mterval of safety is added to the 
time already required for the mfecbon to subside and the wound to 

* Since the advent of the sulfa drugs many operations can he performed at 
a later period than formerly was considered possible, especially if the wounded 
persons have taken the drug orally when mjured or have had it sprinkled in the 
wound at the time of the original dressing Under these conditions many wounds 
can be explored a number of hours later and at a time which formerly would 
have been considered certain to spread infection. 

t With use of sulfa drugs, early wound healing may be obtained and the 
delay formerly considered necessary for wound mfecbon to subside before ex- 
ploration could be undertaken may be greatly shortened Thus, exploration and 
epatr may he attempted far earlier than heretofore has been considered possible 
Control of infection in the past has been one of the prime causes of delay It is 
obvious that the earlier the nerve can be safely repaired the better the end- 

result. 
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itancw failu^ to obtain motor re*pon»ef on itimulation of the nerve, 
ehlw jatnimal or dirtal to the original iiiture, need not nece*»arily 
indicate failure of regeneratiou. Tha may merely mean that the 
regeneratmg neuraie* have not yet reached the motor end-platei in 
the musclet to which they are deatmed, although they may have 
tuccetffuUy apanned the point of the suture end atill may be actively 
growing. 

Interpntetion of — The point to be atreiaed, therefore, la 

that in attempting to appraise aucceas of an earlier nerve auture by 
means of electric investigation, the fmrftng a obtained by this method 
of study must bo interpreted not only in conjunetaon with the gross 
appearance of tbe nerve at the site of the suture but, also, by evalua 
Hnn of clinical signs m relationship to the distance which the nerve 
must grow and the interval of time which has elapsed since tbe anas- 
tomosis was made. Una shows the average rate of regeneration of 
the more important peripheral nerves. 

Liberation of Nerve from External Scar 

Dasection of the nerve from its bed of scar tissue a continued 
untU the nerve has been completely liberated. This is occasionally 
spoken of as “external lysis.” When tbe actual anatomic continuity of 
tbe nerve has not been broken but its physiologic conductivity has 
been interrupted by the constricting action of scar tissue about rt, 
Hberatioo of tbe nerve, without any other measure, may suffice to 
bring about r et urn of function. 

Lysis of Intraneoral Scar Tissue 

In some cases, after the nerve has been Uberated from hs bed of 
scar tissue, a fusiform swelling of tbe nerve will be found at the site 
of the original trauma, which Is due to scar hssue within tbe nerve 
trunk. The effect of this scar tissue zs to constrict tbe fumcull 
to interfere with, of entirely to prev en t pasuge of, nerve impulses. 
If this scar is not too dense, hs cons tri cting action on the funicuh 
occasionally may be ov er come by Tirtemal lysis" of the nerve. This 
consists of inserting into the fusiform swelling a fine hypodermic 
needle end Injecting mto tbe scar tissue, under p r essu re, 2 to 5 cc. of 
physiologic salt solution. If tbe scar Is not too dense, the tah solution 
stretches it, thus relieving the constrictlofl of the encircled funiculi. 
Some surgeons make longitudinal Incisions m the sheath of the 
nerve, but this practice eppears seldom justified, since the scar tissue 
rarely involves tbe epmeurhim alone, but pervedes tbe entire nerve 
trunk. Indnons mto the nerve, deep enough to cut tbe scar, would 
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proximal or distal to it and, when possible, both proximal and distal 
A nerve which is exposed where anatomic relationships are normal 
can be more easily identified than elsewhere; and then the nerve can 
be followed into those regions where scar tissue has destroyed and dis- 
torted the normal anatomic characteristics 

Electric Examination of Exposed Nerve 

After the nerve has been exposed, examination of the mjured 
nerve by stimulation with an electric current may be extremely valu- 
able m determmmg whether or not the nerve has preserved its anat- 
omic continuity withm the scar tissue A simple galvanic current, 
obtamed from an ordmary wire, will suffice for this purpose, or the 
surgeon may use faradic current, such as is obtamed from a simple 
laboratory mductorium 

Stimulation Proximal to Scar . — If stimulation of the nerve prox- 
imal to the scar tissue causes contraction of muscles normally inner- 
vated by that nerve distal to the scar, the fact of anatomic and 
ph3^ioIogic contmuity of the nerve is thereby estabhshed. In such 
a case it may be that any impairment of the physiologic function of 
the nerve observed preoperatively was due to constnction of the 
nerve either by scar surroundmg it or by the action of scar tissue 
actually withm the nerve tnmk. In such mstances the greatest im- 
portance attaches to the mamtenance of anatomic contmuity of the 
nerve while it is bemg dissected from scar tissue 

If stimulation of the nerve proximal to the scar fails to elicit any 
true response from the muscles distal to it, which are normally sup- 
plied by the nerve, this does not necessarily mdicate loss of anatomic 
contmmty Compression of nerve bundles by scar tissue, either about 
the nerve trunk or withm it, may be responsible for complete ph5^- 
lologic block without any gross anatomic mterruption In such cases, 
if the pressure has not been too great, or present too long, return 
of physiologic conductivity may be expected followmg release of the 
nerve from scar tissue, 

Erb’s Paradoxical Response — Very rarely a response may be 
obtamed by electric stimulation of an mjured nerve distal to the site 
of mjury, but no response ehcited by stimulation above, or at, the 
pomt of mjury This is known as “Erb’s paradoxical response” and is 
foxmd associated with shght pressure on the nerve Followmg correc- 
tion of this condition a normal electric response should appear. 

Absence of Response — ^Electric stimulation occasionally may be 
called for durmg reoperation at the site of an old nerve suture which 
has failed to produce clmical improvement Under these circum- 
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Excmoo of all tennmal tear tissue is mandatory if good fuoctiooal 
results are to be obtained foIlowtQg suture. In doing this it is des ir 
able that section of the nerve bo earned out serially through the scar 
until the individual funicuh are seen standing out free of scar tissue 
from the cut end of the nerve. This must be done regardless of the 
resulting defect in the continmty of the nerve As a practical con- 
siderationt the intraneural scar should not actually be excised until 
the surgeon ts ready to proceed immediately with the end to-end 
suture, »mri» it IS well to utihso tins pathologic tissue for grasping 
nrwH handlmg the nerve trunk during the various manipulatians which 
are necessary before the nerve suture can be m ade. This is particu- 
larly true in those cases whe r e in the two-stage stretching operation 
may be needed. 

Principle Applying to Treatment of Partially Divided Nerves 

In these instances the injured nerve is made up of both intact 
fumcuh and scar tissue, with a larger or smaller number of severed 
funlcoU. Partial nerve suture, as a rule, cannot be done successfully 
without produong sharp angulation or *Tonki.n^ of the still undi- 
vided portion of the nerve. This angulation of the sound part of 
the nerve Interferes with its conductivity end for this reason it is 
usually best to co nv er t a partial transection into a complete tran 
section, following this with careful end-txv«nd suture;. 

Bzeepbon to the general rule about converting partial into emn 
plete nerve sections before s u t arin g wtU, of course, be made from time 
to time. For instance, in fresh wounds made with sharp mstnimentx, 
there may be no loss of nerve substance and no scar to so that 

approxunation of the free ends can be accomplished by one or two 
sutures m the opineunum, with very little or no ‘ VmiHng ** of the rest 
of the nerve. Another exception to the general rule is m the of 
partial division of the sciatic nerve. This nerve a actually composed 
of two distinct nerves, the tibial and peroneal, enclosed in a common 
sheath. Injury to the sciatic nerve may be confined entirely either 
to the peroneal or to tiic tibial nerve. In such cases, an attempt may 
properly be made to suture the divided portion of the nerve, peroneal 
or tibial, without dividing the intaxrt component When this a 
doo^ however the intact portion should be liberated from the severed 
portion over a great enough distance so that there will be no sharp 
angulation of the unmjured part of the nerve when the divided 
are ap proxi mated and autured. 
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damage the funiculi and, in the process of healing, additional scar 
would form, probably greatei than that from which the surgeon had 
sought to give relief 

Excision of Intraneural Scar or Neuroma m Contmuity 

When the mtraneural scar tissue at the site of trauma is large and 
IS especially hard and dense, it is often referred to as a “neuroma in 
contmuity” In such cases mtemal lysis of the nerve by the mjection 
of salt solution will fail to release the nerve bundles sufficiently to 
allow them to conduct nervous impulses There is only one alter- 
native, namely, complete excision of the fusiform swelling containing 
the scar tissue and approximabon of the proximal and distal segments 
by means of end-to-end suture This may well appear to be a radical 
procedure But in these cases, wherein the mtraneural scar is very 
dense, it is mandatory, for imless this be done, nervous impulses will 
be permanently blocked at this point 

When the swellmg caused by scar tissue m the imdivided nerve is 
neither very soft nor very hard, judgment is required m decidmg 
whether to limit surgical mtervention merely to liberation of the 
nerve, plus mtemal lysis of scar tissue, or whether radical excision 
of the scar tissue, followed by suture, is mdicated No general criteria 
can be given here which will decide the issue for the individual case 
Here the experience and judgment of the individual surgeon is all 
important. In general, conservative handlmg of the exposed nerve is 
best However, if the mjury is of long standmg, the disability great, 
and the mtraneural scar tissue very dense, excision of the scar is prob- 
ably mdicated On the other hand, should the conservative course be 
chosen, then the patient must be closely observed followmg the oper- 
ation and the surgeon prepared to revise his original opinion 

Excision of Termmal Scar Tissue or Terminal Neuroma 

If a nerve has been actually severed by the original trauma, 
exploration usually will disclose a hard, knoblike swellmg at the end 
of the proximal segment of the nerve This swellmg frequently is 
referred to as a “termmal neuroma” It is composed partly of scar 
tissue and partly of the curled ends of the regeneratmg neuraxes 
which have been frustrated m their efforts to grow peripherally but 
which, nevertheless, have contmued to grow and to form whorls of 
neuraxes, commonly called ‘T’erroncito spirals ” A slight swelhng of 
the proximal end of the distal segment of the nerve is frequently 
encountered This is smaller and usually softer and is composed only 
of scar tissue without the curled ends of neuraxes 
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ftlobtlixatbn of Nerve 

Simple mobiUzaticm of the nerve will overcome many of the leeser 
defect* in it* contiflinty By thk i* meimt not only hberatmg the 
nerve from it* bed of »car ti**ue but aI»o freeing it from varioti* 
rwtratnt* along it* coiime for a conwderable distance both above and 
below the region of the difficulty Normally there exists a great deal 
of slack m the nerve to allow for the various posibon* which the 
movement of skeleton and muscle impose on it. After thorough mobil- 
tzabon, tracbon at the end of the nerve will take up this slack, par 
bcularly if the arm ha* been placed in a favorable position. 

Actual stretchmg of the nerve should contribute only a very mmor 
fraction of its apparent lengthening. It fa a well-established fact that 
exc ess ive stretching may produce rupture of neuraxes withm the 
nerve trunk also degenerabve changes in the anterior horn cells 
within the cord. 

To mobilize the nerve It may be necessary to sacrifice some of 
its branches. It u of Importance, therefore, to know which are the 
more im p or ta nt functions served by each of the large peripheral 
nerves so that these functions may be preserved. Howev er to illus- 
trate the prindplei mvolved, It might be pomted out that in repair 
of the ulnar nerve near the elbow the articular branches of the 
nerve, together with the branches supplying the flexor carpi ulnari* 
and the ulnar head of the flexor profundus, might reasonably be 
sacrificed if this were nec essar y to secure suture free from tension 
and to msuro regeneration of that portion of the nerve which sup- 
plies the oU-unportant intrinsic muscles of the hand. In repairing an 
mpjry to the median nerve, it fa more important to insure good 
return of sensation to the palmer surfaces of the first three digit* of 
the hand than to preserve each of the muscular branches of the nerve 
which supply the volar musdes of the forearm. Similar conrideratiom 
apply to all of the larger penpberal nerve*. 

Relaxaticm of Nerve through Flexion of Jobita 

Flexion of a jomt often will shorten the course of a nerve which 
passes m front of it This prfndple is often utHirod to release teimon 
on a nerve and to help cl os e the gap between nerve segments; it fa 
one of the most frequently used and most valuable procedures em 
ployed in repair of nerves after miury 

Flexion must of course be malntaiDed while the end-to-end suture 
ts performed. The failure of an assistant to bold the arm m the 
correct position, or sudden ex t ensi on of the arm by the patient would 
np out tbe suture line. The chief reason for general anesthesia being 
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Axial Almement 

Precise realmement of the two ends of a divided nerve, with ac- 
curate apposition of the divided nerve bundles, is unquestionably 
desirable Occasionally, under favorable conditions, this can be real- 
ized, especially when a large nerve has been cleanly divided by a 
sharp instrument, when there has been no loss of nerve substance and 
when suture can be done at once However, these conditions rarely 
obtam m war 

Whenever the ends of a severed nerve are cut back from the 
pomt of division m order to remove scar tissue, it is found that the 
size, the position, and the general pattern of the various bundles which 
make up the nerve vary so greatly that usually it is not possible to 
identify the bundle groups appearing in the distal cross-section with 
those seen m the proximal cross-section 

For anatomic and theoretic reasons, therefore, as well as for prac- 
tical, technical reasons, precise funicular approximation almost never 
is obtained m the repair of divided nerves, especially of those nerves 
mjured under conditions of war Effort should be made, however, to 
mamtam the general axial almement of the two nerve segments with 
as httle rotation as possible Occasionally, some peculiar anatomic 
feature, common to both segments of the nerve, will serve as a guide 
In cases wherem the contmuity of the nerve has not been completely 
mterrupted by the origmal accident, it will be found helpful to place 
small “identification sutures” of black silk through the epmeurium 
over correspondmg fimicuh of the nerve trunk proximal and distal to 
the part to be excised before the scar tissue is excised 

METHODS OF REPAIR WHICH CAN BE USED 

Smce actual loss of nerve tissue results in association with most 
mjunes to peripheral nerves, various procedures frequently must be 
utilized to overcome these defects Some of these measures facilitate 
approximation of nerve segments through release of tension These 
mclude (1) mobilization of the nerve, (2) relaxation of the nerve 
through flexion of neighbonng jomts, (3) relaxation through trans- 
position of the nerve to a shorter course, and (4) gradual stretchmg 
of the nerve by means of a two-stage operation 

Other recommended methods of nerve repair mclude (1) nerve 
crossmg, (2) nerve grafting, (3) the fibrm method of repair, and 
(4) direct implantation 
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nerve, that u, two or three weelo, depending on the tension under 
which preliminary suture of the nerves was effected, the extremity 
is gradually brought mto extension as this to Ices place, the nerve 

is automatically stretched. This, however, must be done In slow stages 
over a period of two or three weeks so as to avoid damage to the 
nerve attH mjury to anterior bom cells. After the nerve has been suf 
fidently stretched, the second stage of the operation is performed. At 
thk operation the scar ti»uo bolding the traction sutures is excised 
from the nerve until funiculi of normal appearance are teen. The 
extr e m ity is again flexed and end-to-end suture performed. 

Nerve Croeaiiig 

Nerve gr r mt ng ts a rational method for repairing defects In the 
continuity of Injured n erv e s but it is applicable m only a very limited 
group of cases. In this procedure a healthy nerve is cut across and the 
end of the pr nTimfll segment is sutured to the distal segment of the 
injured nerve. The best known example of this method of repair is the 
hypoglossal facial nerve crossing, when the p r oxim al segment of the 
hypoglossal nerve is sutured to the distal segmsoit of the facial nerve. 

Nerve crossing has very limited applksitum for two reasons. In the 
first place, it requires sacrifice of a healthy nerve for repair of an 
already injured one. In the second place, it is necessary that the two 
nerves he in close proximity to each other This procedure is occa- 
sionally applicable in repairing defects of the median nerve m the 
for earm . Here, the radial nerve, after it has given off ha branches to 
the flexor muscles, is entirely a sensory nerve and can be sacrificed 
to repair the median nerve on the ground that recovery of sensation 
on the pahnar surfaces of the band and first three digits is more 
valuable than the pre se rv a tion of sensabcm on the dorsum of the 
hand and fingers. 

Nerve Grafts 

Experimentally nerve grafting with either single or multiple 
(cable) transplants has attracted considerable interest and much 
has been promised by this procedure. Clinically however the end- 
resuhs m those cases in which nerve grafting has be en tried have 
h®®° very disappointing (Fig. 56) Nerve-transplant operationi 
for the repair of penpberal nerves performed after the last war in 
the United States Army hospitals under ideal conditions by trained 
neurosurgeons were used upp r oxun ately sixty Of these 

instances, according to Franer in only a few cates could the result 
be considered successful he concluded that the use of transplants 
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employed m suture of nerves is to prevent such a complication from 
occurrmg. 

By suitable methods, the extremity should be immobilized m 
flexion after the operation, until the epineurium has grown firmly 
together between the two segments of the nerve and imtil after the 
downgrowing neuraxes have passed this line of suture and entered 
the distal segment In most cases, four weeks of immobilization will 
be long enough, but if the suture was made under considerable ten- 
sion, SIX or eight weeks will be better. 

Transposition of Nerve 

The course of certain nerves can be shortened and tension on 
them relaxed by transposing them from their natural positions to 
new positions For example, transposition of the ulnar nerve from 
behmd the mtemal condyle to a new position m front of it greatly 
shortens the course of the nerve, allows it to relax, and allows approx- 
imation of its severed ends which, otherwise, would be impossible 
Even after transposition of the nerve, flexion of the elbow is still 
effective m obtammg further relaxation and always should be em- 
ployed in conjunction with transposition Satisfactory transposition 
of a nerve without division of some branches is rarely, if ever, possible 
and an attempt to transpose without division of branches may seri- 
ously reduce the degree of relaxation obtamed by the transposition 

Two-Stage Operation for Stretching Nerve 

The two-stage method of nerve suture has proved to be very 
effective and it is recommended when (after mobilization, flexion, 
and transposition of the nerve) approximabon of the ends cannot be 
obtained except under greatest tension In the first stage strong 
silk sutures are passed through the scar tissue at the two ends of 
the divided nerve trunk. These are placed, if possible, m such a posi- 
tion as to brmg about, when they are tied, an overlappmg of the 
two nerve ends equal to the combmed length of the sacrificed tissue 
which will have to be excised from the ends of the two segments 
of nerve before their ends can be sutured Sutures thus placed m 
scar tissue will carry far more tension without pullmg out and with 
far less damage to nerve fibers than would sutures similarly placed 
m normal nerve tissue After the nerve ends have been drawn to- 
gether and the traction sutures tied, the wound is closed and the 
extremity is immobilized m a cast m a position of maximal relaxation 
for the sutured nerve After sufficient time has elapsed for fibrous 
union to have occurred between the two sutured segments of the 
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to be DO reason why this procedure m i g h t not be apphed to larger 
nerve*, It* u*e clinically i* definitely limited to cases m which the 
nerve ends can be brought together without undue itrain. 

If applied to the repair of tmaller nerve*, «uch at the facial, and 
used m connection with cable transplants where there b little or no 
tension on the suture, this method may prove of great value. 

Direct Implantation of Nerves 

Neurotization of denervated muscle can be obtained in occasional 
favorable circumstancea by direct implantation of a motor nerve 
mto the muscle. The neurexes from the cut end of the implanted nerve 
will grow Into the muscle arid form motor endplates. After sot weria 
to three months, prompt responses will be obtained on electric stim 
iilflfirm end the muscle will regain Its former volume, color, and con 
tour Practically it can seldom be applied, since only rarely can a 
motor nerve be devoted to the exclusive supply of a given muscle. 
However it may be found of value for implantation of motor 
branches. 


SELECTION OF PROCEDURE 

After the nerve has been hberated from its bed of scar tisme any 
defect in conticudty resulting from loss of tissue at the time of the 
original mjury will be ap p ar e n t. In addition, it will be possible to 
estimate the probable extent of neural scar which wiH have to be 
excised from the nerve trunk or the ends of tbe nerve segments before 
end to-end suture can properly be performed. 

At this point m the repair before any of tbe neural scar bas been 
excised, the surgeon must select tiie procedure by which he intends 
to overcome the defects in continuity of the nerve trunk. The relaxa 
tion obtained by moblliiation of the nerve, both proximal and Hiatal 
to the injury must be tnod, the release of tension obtained tfarou^ 
fl exion of neighboring joints must bo tested, the feasibility, and need, 
for transpositioD of tbe nerve must bo carefully wel^ied. During 
these manipulation*, so far as possible, the scar tissue involving the 
nerve should be used for application of traction in general 
rather than the delicate end* of nerve from which scar tissue ha* been 
removed prep ar atory to suture. 

If the defect in the nerve will be so great as to indicate that ap- 
proximation of tbe severed ends will be possible only under greatest 
tension, even after extensive liberation, flexkm, and transplantation 
of the nerve have been earned out, then the two-stage nerve-stroteb- 
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to bridge defects was a dismal failure and that the results of nerve 
stretching in a two-stage operation, even with the nerve under great 
tension, gave better results. 

In civil practice, one is seldom confronted with the necessity for 
nerve grafting, consequently, few grafts have been attempted A few 



Fig 56 — Why downgrowths may not take place in a graft Such apposition 
as IS shown here may occur if the sutures are not properly placed or properly 
tied End-to-end apposition must be obtained 


cases are known, however, m which smgle or cable grafts have been 
used successfully The mterposition of free graft between the cut 
ends of the facial nerve has brought about excellent regeneration and 
motor function m the facial muscles, so that the principle of the nerve 
graft must still remam as a sound one 

Fibrin Method of Nerve Repair 

A new and ongmal method of nerve repair, so-called fibrin suture, 
has recently been described by Young and Medawar The method 
consists simply m holding the cut stumps together and pouring 
around them plasma which has just been mixed with a little strong 
tissue extract. “ In about a half minute to two mmutes, according to 
the age of the plasma and the strength of the extract, the plasma clots 
to a firm jelly, which sticks to the nerves and holds the stumps to- 
gether The plasma is freely permeable and, during the subsequent 
days, IS dissolved away, although remammg long enough to allow 
firm union to be established between the divided ends 

This IS an extremely ingenious and technically simple method 
for nerve repair and apparently has given excellent results when used 
m work with the smaller laboratory animals Although there appears 
* For details of preparation of the fibnn suture material see The Lancet, 2 
123 (Aug 3), 1940 
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bundle*. When icar u pre*«nt, the whole ctrt end J* a iinifonn, bleed 
mg lurface. By gently tqvieeting the nerve tninJc with the fenger*, 
the bleeding can bo controlled and the crow-end* thoroughly In 
tpected. An ordinary library magnifying gla**, which can be itenlired, 
h helphil. 

The inciixon* m the nerve should bo made sharply, with a thm 
blade pv»b as ts used in knives with removable blade*. As the incunon 
is traction should t»e maintained irom ttiiee eQuu^stant pomt* 

on the circumference of the nerve so that the indsioo a earned 
through ell at a right angle and in the same plane. The sue 

caaiive Indskins are not earned completely throng the nerve until 
the surgeon is satiified with the nerve ends, when two sutures are 
passed, one on each tide of the nerve. In this manner axial rotation 
11 mmimixed and contmuity of the nerve trunk U maintained, rpalring 
suture les* difficult Nsturally, If anatomic interruption has occurred, 
each end is dealt with separately 

Satorea 

When possibla, anatomic contiomfy of the nerve trunk Is msth 
^Ttne^^ until after two 000 catgut stay sutures have been peaed, one 
on each side of the nerve at equidistant points. When anatomic con- 
tumlty ha* been lost, the sutures are placed so as to brmg the nerve 
ends together with the least possible axial rotabon. These sutures ere 
carried somewhat daepor than the cplneurium and should be placed 
Opposite each other The suture is tied with forceps and the ends are 
left long. Clamps are placed on the ends end these are then used to 
steady the nerve while the remaining sutures are placed. When the 
first two sutures are placed exactly opposite each other, the remaining 
sutures ere more reedQy made and more even approximation is ob- 
tained (Fig. 57) Silk eptneural sutures axe then passed on the up p er 
surface of the nerve, a suffiewnt number bemg used to bring the 
epmeurhim together and to close in all funiculi The suturea are so 
p l a ce d as to include only epinourhim and are bed with forceps, so 
that the edge* of the epmourhira are everted and accurate approxi- 
matlaix is obtained. 

After the upper surface has been sutured, the ends of one of the 
catgut stay sutures are pasted beneath the nerve and the ends of 
the other over the nerve, thus bringing the undersurface of the nerve 
into view for the rwnafmng silk epineuraJ sutures. After these have 
been placed, the end* of the catgut stay sutures are cut end the 
nerve returns to its normal posHIon. During suture the nerve end* 
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mg operation may be necessary In that case, the scar tissue at the 
ends of the two segments of the nerve must not be excised at this 
operation, smce it is essential for holdmg the traction sutures of the 
first stage Scar, therefore, never should be excised either from the 
nerve trunk or from the ends of two segments of a nerve xmtil all the 
problems mcident to approximation of the nerve ends and their 
suture have been thoroughly considered and decisions have been 
reached covermg all steps m the general program of repair 

PREPARATION OF NERVE BED 

The tissue bed must be prepared for the freshly sutured nerve 
The hemostasis must be meticulous, any ragged bits of scar tissue 
should be excised, and the old cicatricial bed should be smoothed out 
Infoldmg of the scar is often better than excismg it Frequently, it 
IS possible to swmg a fascial slip over the old scar tissue bed, suturmg 
it m place Such a fascial slip, however, never should be wrapped 
around the sutured nerve Free transplants of fat to the scar tissue bed 
are also to be avoided smce this tissue seems to mcite additional scar 
tissue reaction 

TECHNIC OF END-TO-END SUTURE 

Incisions 

After the nerve has been exposed and freed from the surroimdmg 
scar, palpation of the nerve throughout the portion exposed is earned 
out to determme the consistency of mtraneural scar and the level at 
which mcisions m the nerve shall be made Intraneural scar can be 
recognized by palpation It may be present throughout a large part of 
the nerve trunk, m both the central and distal ends, and is probably 
the most common cause of failure m nerve suture, hence, the impor- 
tance of makmg the mcision, if possible, beyond the region of scarrmg 

When the level of the suture has been determmed, the approx- 
imate gap to be bndged is estimated by gentle traction on the scar 
tissue of the nerve trunk and the nerve is gently stretched. This 
should be done before excision of the scar, so that the scar can be 
used to make traction Partial transverse mcisions through the scar 
are then made, with mspection of each cross-section after mcision, and 
the makmg of these mcisions is contmued imtil ends free of scar are 
obtamed. Normal ends are readily recognized by discrete nerve 
bundles, with connective tissue of normal appearance between them 
When free of scar the cut ends usually bleed freely between the 
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with juffidmt aUowance for retraction to permit union witljout ten- 
(ion on the Ime of auture (Fig, 58) 

Caro mu« be taken to make lUre that no kmki or anglei wili 
reault foUowmg the auture auch aa may occur when the nerve ia 
booked around a muacle, and due allowance muat be made for the 
normal contracUona of mmclea and for movefflenta of the parta. 

In partud nerve croaaing (Fig. 59) the level and the thickneaa 
of the partinl nerve aegment which ia to bo ralaed having been de* 



Plf. S&i- — Complata ttarv* crouinf. Tb* dl^taj and of on* sam h broefbt 
Into tixMo-aad apporf tl oa with tb* caotiwl «nl of atrathw oarr*. tm-Tid 

■otora U dooa (Stooka^ in Nalaoa • Ixvw T aaf Borsary VoL 2. Naltoo 

and Sooa) 

termlaed, two floe tUk mture* are placed at tha pomt A thin nar 
row iliarp kmfe u then msarted Into nerve at the point to ob- 
tain exactly the required th t ck new and the mcixion b earned upward 
the deairod lentth. So far ai poaatble, the longitudinal part of the 
incialoQ b made betwean funiculi, which in aomo inatancea can bo 
ra f ji gnl t e d by rolling the nerve between the fingen. In onJar to 
avoid poaaible injury to the remaining nerve trunk, the trunverae 
inebion which freea the flap b made from within outwanL 
6 
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are constantly irrigated with warm salme solution, so that the least 
possible layer of blood is left between the nerve ends This con- 
stant irrigation also increases the visibility and permits more ac- 
curate work. The ends of the nerve should be brought together 
without undue tension if this is possible The sutures should not 


I IL 



m IV 


Fig 57 — Technic of end-to-end suture I, The nerve ends have been pre- 
pared for suture and two catgut 000 sutures have been passed slightly deeper 
than the epineunum at equidistant points on the nerve The sutures are tied 
and the ends clamped, serving to steady the nerve for passage of the fine epi- 
dural silk sutures 11, Epineural sdk sutures are being placed The sutures include 
the epineunum only A sufficient number is used to insure the approximation of 
the epmeunum III, The catgut sutures are reversed, A bemg passed under the 
nerve and B over the nerve to bnng the undersurface of the nerve mto view 
and permit the epmeural suture to be placed on the undersurface, as in IL TV, 
Nerve ends approximated and all sutures cut (Stookey in Nelson’s Loose-Leaf 
Surgery, Vol 2 Thomas Nelson and Sons) 

deliberately be made so that a free space is left between the nerve 
ends The greater the distance between the nerve ends the more 
scar tissue between them and, consequently, the greater the resist- 
ance to downgrowmg neuraxes 

TECHNIC OF NERVE CROSSING 

The technic of complete nerve crossmg requires no special de- 
scription other than that given for end-to-end suture The distal nerve 
IS brought up to the central nerve trunk to which it is to be united, 
to determme the exact pomt at which the nerve should be severed. 
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each sraft separately so ai to establish the central and distal con 
nectxons with precisloa. 

When the nerve to be grafted has been freed from the scar tissue 
and the nerve ends have been successively mcised tmtil a sabsfac 
tory crosa-area has been obtained, one or two stay sutures are passed 
at the proper level, before continuity of the nerve has been com 
pletely severed, so as to hold the nerve in alinetnent, prevent ro- 
tabon, and help In fixabon of the cods during suture. These stay 
sutures need not be bed, but each end can be clamped near its exit 
from the nerve. The datance to be brxiged is then accin^tely meai 
ured with a centimeter dnnder 

Source of Grafts 

A skin nerve, such as the radialfs or the external saphenous on 
the dorsum of the leg, can be used for grafts. In order to save tune, 
another operatmg team may lay bare the *kin nerve. Degenerated 
nerves such as are found In tbe leg on the side of an injury to the 
sciatic nerve, preferably should not bo used. Tbe sheath cells in 
such a nerve are no longer la acbve proliferation and there may 
be some increase in connective tissue, particularly if tbe injury 
to the parent nerve is of some standing, 

Saturing 

The skm nerve having been laid bare over the desired length, 
fine, waxed siUc sutures on fine, curved or straight, smooth needles 
ere passed et an interval equal to the distance to be bridged, as pre- 



Flf. 60 — Ttchnlc of D«rr* tronsplontsUon. A D«rro to b* imd 

tor th* t r— trrn»pl»at» hn bMi r a pe ro d, tli» Imctb of Ih* grafts drtarmiaed. 
rod tbr »atttr*« foe oodt Mcmrat puiorj, Th* uorro U th«s cut Into M gm uti by ■ 
tberp, tMn kxilf* (tclMan cnab th* orrr* mti oad ■iwmid not b» oMd) (Stodkry 
hi N*l*oo*t Looti^Lorf VoL 2. Tboro^ N#t» rod Sam) 

vKmly momrtd (Rg. 60) A mall manin i. allowad for cutting 
tho nerra icgmenti. Tho niturm are aU paaad in ono direction, tlw 
nene bemg held tern* by maH forcepa, eithn- central or dirtal 
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Fig 59 — Partial nerve crossing The distal end of one nerve is brought into 
apposition with a flap raised from the central end A small flap is raised to 
insure accurate end-to-end suture of the cut funiculi (Stookey in Nelson’s Loose- 
Leaf Surgery, Vol 2 Thomas Nelson and Sons) 

TECHNIC OF NERVE GRAFTING 
General Principles 

This IS so exacting a procedure that unless it be done by those 
having considerable practice, the results may be disappointing The 
utmost regard for mmute points of technic is essential Success de- 
pends m great measure on the accuracy with which the grafts are 
brought end on end m precise contact with the cross-area of both the 
central and distal stumps While neuraxes may grow into the graft, 
the probability of such penetration is greatly diminished by faulty 
approximation For these reasons, in estimatmg the ultimate value 
of the graft, mdividual technic must be considered, for it plays a 
predominant role 

A sufficient number of grafts should be taken to cover the cross- 
area of the central and distal stumps Unless this is done, many cen- 
tral neuraxes, having no path down which to grow, may become lost 
The aim of the surgeon should be to connect each funiculus, or 
group of funiculi, with a graft This can be accomplished by suturmg 






— ^T«cltnlc of D«rr« trvQtpUntatlen, Nvt« fraft bc umlit ioto opara- 
5*ld, cottoQ jMul foldad back, cod ocrrc ^mft rwdy to b« jsicccd Into defect 
Ln nerre. The ncrc« coda ere bcld to pice* end itccdlcd bj a tcmporcry throotb- 
cnd-tbroc*h entor* bdd bj two forccpc. The enda erf tW« mug c ere Dot tied 
tofettMT la order to leer* tb* opcrc tl i^ field ttnobctriKtad (Stoolrax tn Nebooe 
Loom- 1^ fiorcerj VoL 2. TbocBM Nebon anl Soaf) 


alar approiimfition of tb« graft. In thii manner each tranaplant 
i> rotuTKl Mpdrstely both dlrtjUIy and oentrmlly with whrehevm- 
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to the grafts Under no circumstances should the nerve segments 
to be used in the graft be held by forceps The sutures are then 
curled carefully so as to prevent entanglement, the needles all on 
one side and the free ends on the other 

Cotton Pad for Lifting Nerve Segments 

The nerve segments are cut with a sharp, thin knife and crushing 
of the nerve ends is avoided Each segment is then picked up by 
covermg it with a smooth, moist cotton pad If the cotton is care- 
fully placed over the nerve and sutures, they adhere to the moist 
cotton and each segment thus can be lifted from the wound and 



Fig 61 — Technic of nerve transplantation The sutures are carefully placed 
so as not to become twisted, and a moist cotton pad is laid over the nerve seg- 
ment and sutures By gentle pressure, the graft and sutures are made adherent 
to the cotton pad and then all can be picked up without danger of pulling out 
the sutures, and the graft can be easily handled without trauma (Stookey in 
Nelson’s Loose-Leaf Surgery, Vol 2 Thomas Nelson and Sons) 

placed m the operative field without handlmg By folding the cotton 
pad so that its free border is parallel to the transplant, the latter 
can be placed between the nerve ends so as to be m exact position 
for suture (Figs 61 to 65 inclusive) With the use of the cotton 
pad, neither the nerve nor the sutures are handled, the latter do not 
become entangled, the danger of pullmg out the sutures is elimi- 
nated, and the nerve can be maneuvered mto its proper position for 
suture with the least trauma A small stream of salt solution will 
be helpful m floodmg the nerve off the cotton 
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Durina the procei* of luture the nerve li imff*ted with warm 
salt aolution, thu* creatinfi a clear field and aidma In accurate fume 



pl^. 62. TtrdsiAc of oorr* tntfsplontation. N*rT« fralt aad •ntm** bold to 

pJlccD era cpttco pod rMdj to b* tntfa l f f d to opomtir# 6*ld wb*T® oarre dafaet 
U te Iw brUpd (Btookvy is HalMD** Lo(i«*-L«J Sorfwy VoL 2. Thcaka Naim 
*ad Sow) 



I'll. 63. — Tacfanlc of narra trsosplaiitatioG. Narr* frmft hrera*fat intf> op«r»- 
tfra lUld, cottoo pad foldad b*^ cod omi** *r«ft «*dy to ba i>lacad into dafact 
oaoa. lb* narra anda era bakf to plaoa asd rtawfiad br a ^■■TI w r y throoeb- 
aod-throogh aotura hald by two forcapa. Tha aoda of tbit sr* art 

tocatW in ordar to laara tba oparatfr* flald onobatnjctad (Staakay la Natoon ■ 
L"** Laal Stirtary "Vol. 2. Tbomat Nation and Boaa) 

uUr sppiOTimiition of the inift. In thlj nmmor each traniplant 
» eutured lepsrately both tUrtally imd centntUy with whichever 
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funiculus IS desired The sutures must be tied with forceps and cut 
short 



Fig 64 — Technic of nerve transplantation (cable graft) One nerve graft 
sutured in place Great care and considerable skill are necessary to insure en- 
to-end approximation A second transplant is brought into the field and is made 
ready for suture (Stookey in Nelson’s Loose-Leaf Surgery, Vol 2 Thomas Nel- 
son and Sons) 



Fig 65 — Technic of nerve transplantation Four nerve segments have been 
sutured in place, with space for two additional segments to complete the suture 
As much of the cross-area of the injured nerve as possible should be covered 
with nerve segments, provided accurate end-to-end approximation can be ob- 
tained (Stookey in Nelson’s Loose-Leaf Surgery, Vol 2 Thomas Nelson and 
Sons) 

The accuracy of the graft depends in a measure on the correct 
placmg of the sutures, the exact amount of tension m tymg, and 
delicate manipulation by means of the sutures during the process 
of tying 

TECHNIC OF NERVE IMPLANTATION 

No special technic is required for direct nerve implantation The 
muscle fibers are split by blunt dissection and the branch of the 
nerve is then implanted mto the muscle If the branch is fine, no 
attempt is made to pass a suture mto the motor branch to fix it 
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to the miacular theath. If, on the otbef hand, the nerve u fairly 
large, then a point of fixation through the epmeunum to the muscle 
sheath is made (Figs. 66 67) 



Fl», 66.— Dirwa oarr* hnpUntation. Umci* U tplit la dirwrtion of fib«n 
■od Tmerm bron^t Into nnad* and bold by two I*t«l intnrw, A «»1 B. TtwM 
■TO puMd 2 to 3 mm. coctral to tho cot «od aad urro to tb« mm »wi 
In plM CStookay In N.Ikhi** L«*wLmI Soriwy Vol. 2. Tbonm* Nobca end 
8oa) 
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INJURIES OF PERIPHERAL NERVES 

METHODS OF REPAIR TO BE AVOIDED 

Both expemnentM sixl clmJcal expenenco warrant abandonment 
of method! of repair a! of no value or n offering >uch slight 

opportunity for succetsful regeneration that they should bo discarded. 
These methods are (1) suture 6 distance that a, bridging of nerve 
defects by a catgut cable (2) nerve flaps (3) nerve implantation 
and (4) tubulUation. 


SPECIAL CONDITIONS 
Injories of Facial Nerve 

Injurka to the cranial nerves were not uncommon in the war 
of 1914-1918. Foerster reported 423 instances of involvement of 
cranial nerves out of a total of 3907 injuries of nerves. These in 
juries of cranial nerves were distributed as follows 


Trls«min«I 

2X5 

Facial 

120 

OkMopharyncaal 

7 

Vaf« 

21 

Spiml acoMoiy 

30 

HypOfloaaai 

30 


Of t hese, only injuries to the facial nerve can be considered as 
surgical problemi tn time of war 

Types of Injury — Injuries of the facial nerve can be placed in 
three categories, depending on the site of the mjury (1) injuries 
to the intracranial portion of the nerve, resulting from fracture of 
the skull, or from hemorrhage or infection whbin the facial canal 
(2) mjuncs occ urri ng to the main trunk of the nerve after its emerg- 
ence from the stylomastoid foramen and before its division Into 
smaller branches, which normalh^ takes place about 2 cm. anterior 
to the external auditory meatus; and (3) mjunes to the smaller 
branches of the nerve in the face. 

These groups require different methods of treatment The first 
group is best treated by unroofing the facial canal, 
tissue, and hridgmg the defect in the nerve with a graft In the last 
named group, the divided branches are so numerous anj to small 
that suture is Impossible. Most of the mjuries fall mto the second 
Foup and can be treated in several ways, depending in large part 
on the exact point at which the nerve has been s ev er ed 

JVerve-Crossmg OperafforL — ^Wben the Tnnin trunk of the facial 
nerve is divided m the neck Just as it emerges from the stylomas- 
told foramen or immediately thereafter it is tedmicaily impossible 
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to utilize the central end of the nerve for any form of nerve repair 
Under such circumstances, the only method available is to perform 
a nerve-crossing operation, suturing the cut end of the distal segment 
of the facial nerve to the central segment of some other nearby 
motor nerve, almost always the spinal accessory or the hypoglossal 

When nerve crossing is done, return of volitional control of 
the muscles of the face occurs, with the exception of the frontalis By 
facial crossing, the tone of the facial muscles is restored and, when 
the muscles are at rest much of the facial deformity is lost The 
ability to move the angle of the mouth, to wrinkle the nose, and 
to close the eye is restored, and a good cosmetic result is obtained. 

After nerve crossing, however, associated movements are com- 
mon, whether the crossing be with the hypoglossal or with the spinal 
accessory nerve If the hypoglossal is used, movements of the tongue 
may cause associated movements of the face If the spinal acces- 
sory IS used, movements of the arm may induce associated move- 
ments of the face 

Free Nerve Transplant — Wherever possible, however, interposi- 
tion of a free nerve transplant between the divided ends of the facial 
nerve should be performed, for it is preferable to any form of nerve 
crossing, however successful the latter may seem After nerve cross- 
ing, irrespective of the nerve used, spontaneous emotional move- 
ments of the face are not recovered, whereas, when the neuraxes 
from the central segment of the facial nerve grow through the nerve 
transplants to reach the distal segment of the same nerve, excellent 
volitional and emotional responses are obtained 

Nerve Irritation — Causalgia — Its Treatment 

Many mild forms of nerve irritation, such as those due to com- 
pression by bands of scar tissue, to callus, or to foreign bodies, 
and the more severe forms, such as causalgia, can be relieved by 
appropriate surgical measures Surgical relief is more important in 
the presence of irritative nerve lesions than in the presence of the 
nonirritative forms, since irritative lesions cause severe and wide- 
spread trophic disturbances, such as scleroderma, ulcers, fibrosis of 
the muscles, contractures, and periarticular changes, which are more 
disabling than simple section of the nerve and total loss of conducbon 

In 1864 Weir Mitchell, Morehouse, and Keen described on the 
basis of the occurrence among the wounded of the Civil War in the 
United States of America, a most intense form of nerve irritation 
or neuritis to which they gave the name “causalgia” To their vivid 
description nothing has been added, although many cases were en- 
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CTmntcred in the coune of the war of 1914-1918. The diteaie i* 
•bo to be found m anodetion with injurie* of nervet occurring in 
dvil life. 

Symptoms . — The pami are tevore and are brought on by the 
ilighteit touch. The patient* remain by theraielve*, walk with great 
caution, and tit down very *IowIy a* if trying to avoid the ihghtett 
■hock or contact They carry a painful hand in a guarded petition, 
cither within the bloute or protected by the other hand. If the lower 
eartremity i* involved, they utually remain m bed and retent any 
approach of any touching of the bed. Moiiture teem* to relieve 
the pain. An mjured hand it often wrapped in a damp cloth, covered 
with a large amount of cotton, or even a rubber glove, to maintain 
the moitturo If the foot I* affected, ft it wrapiped m a wet cloth, 
or water it even poured into the boot. The pain it fpontaneout, al 
thmjg h it 1* accentuated and often a evoked by emotion- To one 
pabent who wai under obtervadon the thought of New York Har 
bor with the tall buildmgt about it, caused exquitite pam, although 
New York was hi* home end be longed to return there. To another 
the view from the boepital window over a steep bill cfluaed ex 
cruciatmg pain. To still another pain was caused by the sight of a 
patient on crutches waffdng over a highly polished floor and by 
the fear that he might fait Because of the violent exacerbation of 
pain brou^t about by etnobon or other sensatiem, many pabent* 
prefer to be alone away from all stimuli which tend to increase 
their suffering. 

The pain u usually limited to the superflcml struct ur e*. Slight 
contacts are more painful than heavy pressure. The sldn usually is 
dry gloeiy and warm the finger* usually are thin and tapenng. 
In tome cases It is found that the skin is moist and sweating is 
profuse 

/nvofvemenf of Sympathetic Fiben . — ^Tho nerves most fretiuently 
mvolved are those which contam a largo number of lymiiatbetlc 
fibers, such as the median in the upper extremity and the tibial 
in the lower extremity The pam » usually referred to the are* of 
peripheral distribution, but many tunes the painful area is larger 
than that usually attributed to distribution of the nerve in quesfacm. 
This fact, coupled with the obvious vasomotor disturbence* and the 
influence of emotion, has led to the view that the sympathebc fibers 
sre essentially responsible for the pam. 

MUd Caosa/i/a. — A milder form of causalgis, not traumatic m 
origin, which mvolve* the face, hands, or logs, ha* been described 
by Tmol (1921) and termed by him neuralgia of the sympathebc 
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to utilize the central end of the nerve for any form of nerve repair 
Under such circumstances, the only method available is to perform 
a nerve-crossing operation, suturing the cut end of the distal segment 
of the facial nerve to the central segment of some other nearby 
motor nerve, almost always the spmal accessory or the hypoglossal 

When nerve crossmg is done, return of volitional control of 
the muscles of the face occurs, with the exception of the frontalis By 
facial crossing, the tone of the facial muscles is restored and, when 
the muscles are at rest much of the facial deformity is lost The 
ability to move the angle of the mouth, to wrinkle the nose, and 
to close the eye is restored, and a good cosmetic result is obtamed. 

After nerve crossing, however, associated movements are com- 
mon, whether the crossing be with the hypoglossal or with the spinal 
accessory nerve If the hypoglossal is used, movements of the tongue 
may cause associated movements of the face If the spmal acces- 
sory IS used, movements of the arm may induce associated move- 
ments of the face 

Free Nerve Transplant — ^Wherever possible, however, interposi- 
tion of a free nerve transplant between the divided ends of the facial 
nerve should be performed, for it is preferable to any form of nerve 
crossing, however successful the latter may seem After nerve cross- 
mg, irrespective of the nerve used, spontaneous emotional move- 
ments of the face are not recovered, whereas, when the neuraxes 
from the central segment of the facial nerve grow through the nerve 
transplants to reach the distal segment of the same nerve, excellent 
volitional and emotional responses are obtamed 

Nerve Irritation — Causalgia — Its Treatment 

Many mild forms of nerve irritation, such as those due to com- 
pression by bands of scar tissue, to callus, or to foreign bodies, 
and the more severe forms, such as causalgia, can be reheved by 
appropriate surgical measures Surgical relief is more important m 
the presence of irritative nerve lesions than m the presence of the 
nonimtative forms, smce irritative lesions cause severe and wide- 
spread trophic disturbances, such as scleroderma, ulcers, fibrosis of 
the muscles, contractures, and periarticular changes, which are more 
disablmg than simple section of the nerve and total loss of conduction 

In 1864 Weir Mitchell, Morehouse, and Keen described on the 
basis of the occurrence among the wounded of the Civil War m the 
United States of America, a most mtense form of nerve irritation 
or neuritis to which they gave the name “causalgia” To their vivid 
description nothmg has been added, although many cases were en- 
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icar and careful reconstruction of the field should bo made, smco 
injection may be vitiated if thorough neiuulyiii has not been done. 

Perzartiriai. Stmpathectomt — Since the important role of the 
sympathetic structures in various forms of neuritis has been rec 
ognixed, measures directed toward the sympathetic system have 
been evolved m the tr ea tm ent of c ertain of these painful combinations. 
Of these, one of the most important js periarterial sympathectomy 

Since symp athetic fibers to the walls of the vessels are received 
at vanoui levels, it is not to be expected, for ex a m ple, that decorti- 
cation of the brachial artery m the arm would destroy the sympathetic 
nerves to the vessels of the hand*, as these receive a nch sympathetic 
sup ply from the median nerve in the forearm and at the wrisL Pos- 
sibly thi* is one of the r ea sons why so many failures are reported 
after such an operation and why the relief a only temporary' only 
part of the nerve supply a removed over a relatively short segment 
of the artery too far from the region of the pam and sufficiently 
high to allow a new increment of sympathetic fibers to reach the 
veaeli at lower levels. 

Excnioit OP Portion of Sympathetic Trunk. — If relief of 
causalgia cannot be obtained by penarterial sympathectomy excisi on 
of the appropriate portion of the sympathetic trunk should be under 
taken. 

Amputation Neuroma 

These enlargements on the central end of a divided nerve are 
formed by regenerating neurons anrf sheath cells. Connective tissue 
closes off the cut end and prevents downgrowth of the regenerating 
fibers. The blocked neuraxes ere seen to pass in ell directions In 
their effort to reach the distal end, some are turned on themselves 
and form spirals and twisted regenerating neuraxes, usually about 
a tingle neunuos— the so-called P er ronato spirals. The endoneural 
and perineural connective tissue is apparently stimulated by regen 
emting neur axes , thus setting up more or less of a viaotis circle, 
the cofinectlve tissue preventing downgrowth of the fibers and the 
fibers stimu l a tin g growth of the coimective tissue. Huber and Lewis 
(1920) found that if regeneration of the neuraxes could be p rev en ted 
until connective tissue had closed over the nerve trunk, neuromas 
did not form. They emphaslied that absohito alcohol mjected mto 
the nerve trunk somewhat above the level where the nerve was sec 
tloned delayed regeneration of the neuraxes enH preve n ted the 
fonnatioo of neuromas. They considered that “absolute alcohol In- 
jected mto the nerve some distance above the plane of suture is 
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nervous system The sensations are not those of actual pain but 
of bummg and throbbmg, with vasomotor disturbances 

Pathology . — The pathologic characteristics of some forms of neu- 
ritis are little understood In many cases of painful conditions of the 
nerves, definite morphologic changes have been found In conse- 
quence, the methods used to treat the various forms can be con- 
sidered for the most part empiric. Especially is this so in relation 
to the treatment of causalgia and in the use of ramisecfaon and pen- 
vascular sympathectomy. 

Treatment — The surgical measures used for the milder forms 
of nerve irritation are more direct in their approach and are more 
definitely established These forms of nerve irritation, such as those 
due to simple compression, are relieved by freeing the nerve from 
surrounding scar tissue and either transplanting the nerve or, when 
possible, makmg a bed free of scar At times the lesion is both 
extraneural and intraneural 

Injection of Alcohol — ^Injection of 60 per cent alcohol into 
the nerve trunk above the level of the injury will relieve the pam 
m some forms of mild, as well as in some forms of severe, neuritis 
In other cases, especially if dorsal ganglia are involved, peripheral 
mjection of alcohol is of no avail 

It is said that 60 per cent alcohol does not bring about motor 
paralysis but produces degeneration of the sensory fibers alone Un- 
fortunately, this does not always hold true, and it is not unusual 
to see patients with total sciatic paralysis who have been treated 
for “sciatic neuritis” by injections of 60 per cent alcohol In some 
mstances the paralysis has lasted for more than two years In treat- 
ment of a nerve of which the function is so dommantly motor, m- 
jections of alcohol are to be used with caution, if paralysis of the 
motor fibers is to be avoided However, m cases of severe neuritis 
with marked secondary changes in the structures supplied by the 
nerve, total paralysis of the nerve is to be preferred to an incom- 
plete irritative lesion, smce the secondary changes are more disablmg 
than paralysis 

Alcoholization of nerve trunks in cases of neuritis has been in 
use smce the original work of Schlosser and has earned an impor- 
tant position m the surgical relief of irritative lesions of the nerve. 
Two to 3 cc of 60 per cent alcohol should be mjected into the nerve 
trunk throu^ a fine needle entered above the level of the lesion 
and at different pomts of the circumference of the nerve, so that 
the alcohol can penetrate to all the funiculi and can be evenly dis- 
tributed In addition, the nerve should be freed from all surroundmg 
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Atrophy — Atrophy from dmtse does not differ from the wasting 
seen m any prolonged period of inactivity There is, in addition, an 
atrophy due directly to nutritive changes from loss of innervaticn- 
This affects muscle, bone, and tlnn, and is apparent in the glossy 
and often cyanotic appearance of the latter 

DelomtHy — Deformity occurs first as a result of fl a cci dity of 
groups of paralyzed muKles and this can be c or rected passively 
The habitual position is that produced by gravity and contraction 
of the unparalyzed gr o up s of muscles. If this condition is allowed 
to continue without treatment, contractures occur in the uno pp o se d 
muscles, preventing correction of the deformity At the same time, 
the paralyzed muscles lose thetr tone and elasticity If prop er treat 
ment is neglected during convalescence, the nerve may recover but 
there still will be a functionally useless limb because of the develop- 
ment of a permanent deformity which mt erfer es with effective mus 
cular activity 

Objectivea of Treatment 

It is very nece ss ary to emphasize the fact that degeneraboo of 
muscle begins immediately after mjury Treatment, therefore, should 
be inaugurated at once and should be continuous. The objects to be 
achieved are (1) in cases of recent injury pr evention of deformity 
and restoration of functran, (2) m cases of old mjury wherein 
treatment has been lacking, correction of deformity and develop- 
ment of any remaining function. 

Preoperative Mechanical Treatment 

This a as valuable as postoperative mechanical treatment. In 
each instance the aim is the tame namely to prevent deformities 
and to maintain mobility and nutrition of the injured esti e mity If 
for example, the elbow ts permitted to become ankylosed, operation 
and end to-end appr o ximataon of the nerve may not be possible 
because the elbow cannot be brought into full flenon to permit ap- 
proximation of the nerve ends. Tberefore, it is impor ta nt to main- 
tain the mobility of the various joints of the extremity and to prevent 
contractures and adaptive shortening of the unoppoeed muscles. If 
muscles have been allowed to contract and to become fibrosed, if 
scan bind down important tendons, and if Joints are ankylosed, sue 
cessful suture may be thwarted. There u scant use for the innervat 
mg mechanism if the machine itself a wrecked. Occasionally pre- 
linunaiy work and even coire cUv e surgical measures may be 
necessary before operation on the nerve is undertaken. 
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more successful m preventing neuroma formation than any of the 
other methods ordinarily employed” To prevent ascendmg neuritis 
and to close off the nerve end, Conner (1918) formed a “swinging- 
door flap” by suturing the epineural edges. Closure of the nerve 
end, it IS believed, is worth while, and is to be recommended when 
used in conjunction with injection of alcohol above the plane of 
section, whenever nerves of any size are cut 

NONSURGICAL CARE FOLLOWING INJURY TO NERVES 

The care of nerve injuries involves two problems first, the care 
of freshly wounded persons and of parents after operation, second, 
the late care of neglected patients who present muscular contrac- 
tures and deformity In one case treatment is preventive, in the 
other, corrective Many neglected patients may require secondary 
operative procedures 

Effect on Muscles of Interruption of Nerve Function 

On interruption of nerve function, the following effects on muscles 
are observed (1) tone and contractility are lost, (2) atrophy sets 
m due to lack of voluntary action and to alteration in nutrition, 
(3) deformity develops due to stretching of the paralyzed muscles 
and to contracture of the opposed healthy muscles 

Loss of Tone — Muscular tone is a condition of normal tension 
of muscular fiber due to the integrity of the reflex arc When the 
nerve is completely cut the tone of the muscle disappears and the 
elasticity of the group of muscles is lost By preservation of the 
normal tone of opposing muscles, which mamtains them in a state 
of slight contraction, paralyzed muscles become stretched and very 
soon lose the power to regain this normal tone Hence, there is great 
need to prevent overstretching due to faulty posture during con- 
valescence 

Loss of Contractility — Contractility is the power inherent m 
normal muscular tissue of contracting under stimulus Direct mechani- 
cal stimulus will arouse this contractile power, but the normal stimu- 
lus IS effected by a nervous impulse The integrity of the muscular 
protoplasm is dependent on the presence of intact nerves A paralyzed 
muscular fiber rapidly loses its normal chemical and physical char- 
acteristics even though the muscle is exercised by mechanical or elec- 
trical means But such exercise will improve the nutrition of the 
muscle and lessen the penarticular contractures and adaptive short- 
ening of the opposed muscles 
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me«»iire» unprovmg general health and local circulation. If a nerve 
has been re se c te d and so shortened that suture is possible only after 
relaxation by flexion of the limb, great care should bo observed not 
to tear the suture line by failure to maintam prop er postural flexion 
for a suffldent time after the operation. It may bo advisable to fan 
mobihio the part for two to eight weeks or morOi Later motion 
should be attempted gradually, and each movement should be con 
trolled carefully Fortunately if the exercise is earned on gently 
and slowly enough, a nerve appears to bo capable of very consider 
able stretching without bemg harmed. 

After they have been damaged and repaired, nerves regenerate 
from their proximal ends through proliferation of the neurons. There 
a danger of damage to the nerve as It grows through light grsnu 
lation hcttw at the srte of repair Therefore, the need for careful 
avoidance of trauma at the seat of active proliferation must never 
be forgotten. Even after fairly active treatment of neighboring struc 
tures has begun it is well to allow several weeks of ccmsohdation 
before beginning local treatment about the seat of suture. Hemor 
rhagei in the newly formed tissue may lead to injurious cicatrisation. 

When the early stage of repair is past, and grow t h of the nerve 
is wen under way further treatment directed specifically to the 
nerve itself is unnecessary Then begins the impcrtent penod of the 
treatment This concerns itself with the treatment of nruseJes tendons, 
and jointt. 

Too much stress cannot be laid on the importance of thorough 
understanding of all the measures at the surgeon s disposal for after 
care in these enbeal cases. An a ppreciation of the relative value 
of various methods is very neces sa ry for their succ«ful use. Proper 
sequence in their emplo3nnent and the amount of tune to be devoted 
to each should be carefully understood, for as much harm may be 
done by their overuse as by their neglect. 

METHODS AND DEVICES EMPLOVED IN NONSDBOICAL CAHE 
Preventive Splinting 

Rest in splints which bold the part in an overcorrected position 
IS essential to prevent deformity of recently paralyred muscles. The 
position given by Sir Robert Jones, and perhaps most genersUy ac 
copied, is one of mnrrm sl ov er correction with the paralysed muscles 
completely relaxed. 

Type* of Spimf*. — The standard splints supplied by the Army 
medical service will be found sufficient for most requirements. Adap- 
tations of these to meet particular needs will suggest themselves 
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The methods of preoperative treatment employed are protec- 
tive and corrective splinting, and the various forms of physical 
therapy These will be taken up after a few paragraphs have been 
devoted to postoperative care in general 

Postoperative Care 

Amid the abundant literature on nerve surgery which the war 
of 1914-1918 produced, one is struck by the meager attention given 
to after-care With the shifting personnel of military hospitals, too 
often a surgeon never has a chance to follow a sufficient proportion 
of his patients to develop an intelligent and systematic scheme of 
after-care Interest in operatmg also has diverted surgical mterest 
from the more prosaic but no less important subject of convalescence 

Importance of Continuous Care — The technic of operations on 
wounded nerves undeniably requires a high grade of surgical skill, 
but the contribution toward functional restoration made at the time 
of operabon may be completely nullified by lack of subsequent care 
For example, m a case of paralysis m the distnbubon of the mus- 
culospiral nerve, if the wristdrop is allowed to conbnue during the 
many months of regeneration of nerves, the extensor muscles will 
be overstretched and, though the nerve may completely recover, 
conbaction of the oversbetched muscles will not take place until 
they have been thoroughly relaxed by proper splmting to overcome 
the wristdrop Thus, the operation is worthless, and the funcbonal 
result may be a complete failure It is well to fix m mind at the 
outset of any study of nerve surgery that results differ radically 
from the brilliant results of most operative work which, when suc- 
cessful, yields to pabent and friends almost immediate evidence of 
improvement It is discouragmg to imdergo a tedious operabon, with 
the knowledge that even if it is a complete success its results will 
not be evident for from six to twelve months The suspense of 
waiting those many months for the decision as to whether the ef- 
fort IS to prove a success at all is a grueling test of forbtude for 
pabent and surgeon alike (Table 2) 

The regenerabon of sutured nerves requires, roughly, a year or 
longer, and the surgeon’s hardest task is to mamtam his own and 
his pabenfs enthusiasm durmg the long convalescence Contmuity 
of treatment is of the utmost importance Relaxation of effort for 
a week may undo the construcbve work of many weeks 

Care of Repaired Nerve — There is comparabvely little to do for 
the repaired nerve other than to prevent immediate postoperabve 
in ury due to rough handlmg and to favor growth of the nerve by 
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tpUnt which retti on th© body a nght-angled ann piece runi out 
ward at the btiIIq in a plane a bttto anterior to the coronal plane 
of the body and on thi* rwti the arm. The iplint supplied for the 
Army— Jones’ abduction arm tpllnt — a well adapted to the purpose, 
although plaster with a wire arm piece u perhaps more commonly 
employed is both comfortable and efficient. 

MuscuLOCUTANEOua Nerve.^ — P aralysis of the anterior muscles 
of the upper part of the arm prevents flexion at the elbow and results 
in stretching of the biceps If the supinator lonsus* tupphod by the 
musculosplral (radial) nerve is also paralyzed. If the biceps only 
is mvolved, the flexor action of the supinator longus malces splmt 
iTYg unnecessary If both muscles are involved, the elbow should 
be held at right angles by means of a Jones right-angle elbow splint 
with hand piece for support of the band in flexion, extension, supina 
tion, or pronation, as desired. It is, of course, necessary to provide 
ambulatory patients with a slmg to give comfortable support to the 
apparatus. 

Median Nerve, Ulnar Nerve. — These nerves supply the flexor 
muscles of the forearm. When paralysed, the tendency will be to- 
ward byperextension of the hand on the wnst and of the fingers 
on the band. To offset this a splint should be worn to maintain 
the band and fingers m flexion. A reversed, short, cock up splmt 
with a ball or a roller bandage held in the palm of the hand, will 
serve. A light plaster splmt is more canveruent and is easily removed 
snri replaced when necessary The hand should be kept in supina 
tion, since fibrosis of the pronator places the h«pd in poor hmctkmal 
pontion. The pronated hand is a useful hand the supinated hand 
IS not 

Mdsculospiral (Radial) Nerve. — Loss of the rausculoapiral 
nerve results in paratysis of the extensors of the arm, forearm, and 
hand. Hyperextension of the wrist is necessary This is secured by 
application of a cock-up splint Various types are available, but the 
small, wire, cock up splint of Buerld u best adapted for this pur 
pose (Fig 31) It should be long enough to reach to the proximal 
interphalongeel joints. 

Sciatic Nerve. — In this lesion footdrop is the outstanding de- 
formity as it B In injury of the external popliteal or peroneal nerve. 
Thu deformity may be handled by an outside iron with a strap 
so placed as to pr e v ent footdrop, or preferably by the small, in- 
expensive wire splmt of Bucrki (Fig. 53) At night, a light posterior 
splint must be worn to prevent footdrop when in bod and to keep 
the weight of the bedclothes off the foot. 
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to the surgeon These splints have been adopted after much cntical 
study and embody the results of three years of evolution of splints 
in the British and French services It must be distmctly under- 
stood that they do not represent the only good splmts, but merely 
one simple and efficient set suited to most of the purposes for which 
splinting IS necessary In addition to these, plaster-of-paris is a most 
useful splintmg material and one of great value in meeting the need 
for unusual postures often demanded in the after-care of patients 
with nerve injuries Light-weight material is very important in pro- 
viding splmts They are used for protection of paralyzed muscles 
and not as orthopedic appliances to support the weight of the body 
Pressure of straps over paralyzed muscles must be avoided Smce 
the appliances must be worn over long periods and many of the 
patients are, of course, ambulatory, this principle must not be car- 
ried so far that durability is in any way sacrificed Ease and speed 
m application are very desirable, since splmts must be removed 
frequently for massage and other treatment 

Splints for Alteration of Posture — Much ingenuity has been 
expended m the mvention of adjustable splmts fitted with hmges, 
turnbuckles, springs, or other recognized mechanical devices for alter- 
ing position or tension In general, these types will prove disap- 
pomtmg Springs are rarely of great value and their use is always 
attended with some risk Adjustable mechanisms are prone to dis- 
abilities of their own and, m a busy ward, are difficult to keep m 
constant repair Of far more general service is the rigid splmt which 
can be bent to a set contour and altered from time to time by further 
bending or by the gradual addition of felt or sponge-rubber padding 
as alteration of posture is secured It is very desirable to arrange 
an apparatus for ambulatory use of all patients so far as possible 
because of the long period necessary for convalescence 

Application of Splints — Each case will present its individual 
problem and will call for special modification m the use of splmts, 
but the followmg principles of treatment may be of service m ap- 
proachmg the more frequent types of paralysis 

Circumflex (Axillary) Nerve — Injury to the circumflex 
nerve results m saggmg of the shoulder under the weight of the 
arm and the power of abduction is lost The arm should be mam- 
tamed m a position of abduction at right angles to the body To 
accomplish this, a splint molded to the trunk is necessary, and it 
should take its bearmg from the crest of the dium on the affected 
side otherwise it will slide downward when the patient is m the 
upright position, and lose its efficiency From the portion of the 
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It a of great fanportance to gain the cooperation of the patient him 
lelf by explaining the purpose of the splint and the necemty for 
cootinuota treatmenti otherwne he may loosen iplmti at night and 
retard his own recovery 

Physical Therap} 

Fortunately there ti a ctraaiderable variety of physical pro- 
ceduret, all of much value. Vanou* physical measures are desirable 
when rm* talces into account the length of time retiuired for treat 
ment for peripheral nerve mjuncs and the problem of keeping the 
patient contented during so and tedious a period. The health 
of motor tissues depends on Degeneration follows either paralysis 
or simple The repair of diseased organs is a nutritional prob- 

lem. Hence, the physical procedures, exercise and methods of pro- 
ducing hyperemia, ore useful. There are other elements that may 
m«Vw the treatment more effective as, for example, a mild suggestion 
to the patient regarding the mysterious powers of electndty when 
it is desired to maintain his interest for a long period of electro- 
therapy The physician should beware of the easy self-deception that 
enthusiasm for a special method produces, end should attempt a fair 
evaluatioa of all recognised methods and train himself m a rational 
use of the different varieties. 

Thonnothnapy — Heat is a recognised therapeutic agent for the 
production of hyperemia. The particular form of heat probably bas 
less significance than the duration of its application and the tempera- 
ture reached. Hot water hot air, and electric heat are all useful the 
last is of widest application because of Its convenienca. Actual tern 
peratures m the heat chamber may be very Ugh, the eva p o ra tion 
immediately about the «lrin p re v ent in g burning. The small, portable 
electric light heaters may be applied conveniently to any part of 
a limb. In the treatment of peripharal nerve injtmes the chief value 
of tbermotherapy is m preparation for massage. It Is to bo remem- 
bered that a part of the limb may be anesthetic; hence, great care 
must be exerc is ed to prevent b urnin g. 

Hydrotherapy — Baths and general bydrotherapeutic measures 
have been used with great success m the management of penpherml 
nerve mjuriei. In addition to the usual tub, sits, and shower baths, 
there are such hydrotherapeutic nieasuret as sprays, whirlmg baths 
with and without aeration, and so on. The object is stimulation 
of circulation by means of beat or contrasting beat anrl cold and 
by means of the mechanical effect of moving water on the »Ifin There 
is no doubt of the mvlgorating effect of hydrotherapeutic measures 
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All the splints should be comfortable and worn constantly, save 
when treatment and passive exercises are being given Dunng the 
late stages of convalescence they should be removed gradually, at 
first for short periods during the day, when the patient is allowed ac- 
tive exercise They should be worn at night for a prolonged penod 
after recovery is well advanced. The gradual removal of splints 
usually will be contmued for many weeks or months, and it is most 
important to keep the patient imder observation durmg this penod 
of splmt removal, as contractures may occur long after recovery 
of muscular power and tone is apparently complete 

Corrective Splinting 

In an old deformity resultmg from paralysis m the region of 
distribution of a nerve, three tissues enter into the contracture: hga- 
ment, tendon, and muscle Ligaments are nonelastic, muscle pos- 
sesses elasticity Care must be taken that nonelastic tissue is not un- 
necessanly tom by efforts at forcible correction On account of nu- 
tritional changes, affected structures imdergo atrophy and become 
less resistant to trauma There is danger of rupture of ligaments and 
even of avulsion of bone at the pomt of ligamentous attachment 
For this reason, nonoperative correction of deformity is always pref- 
erable m cases m which this method is feasible It is a slow and often 
tedious process, but it elimmates the danger of mjury to atrophic 
muscle, ligament and bone, which may occur from rough handlmg 
under anesthesia Many patients have been through several opera- 
tions and would themselves prefer a slower convalescence to further 
surgical mterference 

If proper patience is exercised, successful correction of extensive 
deformity may be accomplished by gradual stretchmg of contractures 
with splmts The mitial selection and fittmg of the splmt is of great 
importance, and accepted pnnciples of apphcation of splmts must 
be kept constantly m mmd. Corrective pressure is borne by soft 
tissues, and the amoimt that can be apphed is limited Constant 
watchfulness is required to avoid necrosis of skin or other tissues 
The splmt should be removed at frequent mtervals and regular ph3^i- 
cal treatment given both for the purpose of forestalhng mjury by 
pressure and to mcrease pliabihty and local circulation Cutaneous 
sensation may be absent or lessened, and many patients are imcom- 
plaimng The vigilance of the attendmg surgeon should be constant 
to assure as rapid correction as the skin resistance will permit. Ad- 
stments left to the control of the patient are unwise, and the 
udgment of nurses and orderlies must not be trusted too implicitly 
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in hjutening the wounded man along the road toward the complete 
rertoration of voluntary motion. 

Eloctrotherapy — During the war of 1914-1918, the use of elec 
tricity received much attention and achieved excellent results in 
treatment of the after-effects of mjuries to the peripheral nerves, 
of bjuries to the Jomts, and of functional nervou* conditions. Many of 
the methods of application advised require complicated apparatus 
and a considerable degree of tldll and experience m those who ad 
minister them. In the following pages only the more commonly 
used methods will be discussed. The following forms of current are 
used the constant or galvanic, the Induced or faradlc, the smusoidal, 
and the high-frequency 

Constant Current — This is one which ffows constantly from 
the positive pole, or anode, to the negative pole, or cathode, as long 
as the circuit is closed. It therefore always passes in one direction. 
The source of supply may be cither a battery composed of twenty 
oc more dry cells, or what u preferable when possible, an electric 
light circuit If this is alternating. It must bo r^dered unidirectional 
by a suitable converter There must be a means of gradually Increas- 
mg and decreasing the strength of a current If possible, a milliam 
meter ihould be in the circuit A switch by which the euTToirt can 
be opened or closed and one by vduch the polarity can be reversed 
are essential. 

If oitfaer pole is active it will cause muscular contraction, but 
to do so the circuit must be suddenly opened or dosed- If the cur 
rent penes without interruption or is gradually increased or de- 
creased in strength, no contraction occurs. 

Faradic Current — This is charactenxed by more or less rapid 
altemationi and a momentary interruption of the c ur rent When pos- 
sible, it IS well to have an apparatus that allows both slow and 
rapid interruptions. A snnple make-ond-brealc type of inductorium 
will serve. This current has no polar influence, as he* the galvanic, 
and its principal use is as a means of exercising weakened musde 
in which there is no reaction of deg e neration- It must bo remem 
bered that it will not cause contraction of muscles that are paralyzed 
®wmg to a lesion of the peripheral neuron. 

If the rapidly interrupted current is employed, more or less tonic 
or tetanic contraction is caused. The current slowly mterrupted gives 
clonic contractions. 

Many emphasise the importance of this means of maintam- 
bg and bcreasbg the nutrition of the affected muaclea, as well as 
eraroamg them and preventing adhesions b tendon sheaths and 
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when they are judiciously employed and, here again, they are valu- 
able as a preliminary to massage 

Massage — Massage is a useful and generally applicable method 
of physical treatment m these cases Many devices have been in- 
vented with the thought that they might supersede the human hands 
as mstruments of massage, but without success Attention should 
first be paid to maintenance of the nutrition of paralyzed muscles 
The overlying skin, which is often atrophic, may benefit from the 
treatment as much as the muscles As was explained in discussmg 
the pathology of nerve repair, great gentleness should be practiced 
by the masseur during the early stages of work with recent nerve 
injuries Effleurage and wholly passive movement are followed gradu- 
ally by more vigorous exercise Splints are temporanly removed 
for this treatment Work should be done with the paralyzed muscle 
relaxed and the deformity overcorrected, and the patient’s position 
while being massaged must be wisely planned For example, when 
there is wristdrop, the hand should be held in supination, and when 
there is paralysis of the median and ulnar nerves, the hand should 
be pronated In involvement of the circumflex nerve, the patient 
should be lying on his back and the arm should be raised beyond 
a right angle in abductaon Likewise when there is footdrop a prone 
position, with the foot hanging over the edge of the table, will lessen 
the tendency toward plantar flexion, or the patient may be made to 
support the foot at right angles by holding the ends of a bandage 
looped about the toes 

The selection of efficient operators is a matter for careful con- 
sideration Not only should masseurs be well tramed and experi- 
enced, but they should not be expected to undertake the treatment 
of too many patients in a day It has been found that one operator 
can care for about fifteen patients If more than twenty are assigned 
to one masseur the quality of his work is likely to deteriorate 
noticeably 

Corrective exercises should follow the gentler forms of massage 
Force should be wisely graduated Much damage may be done 
through the use of too vigorous methods Resistive and assistive 
exercises are of great benefit m the development of muscular strength 
and m the reeducation of the patient m the use and control of the 
muscles 

Fmally, it IS the duty of the masseur to follow up the patient 
even after he has recovered sufficiently to begm active exercise and 
trammg m the curative workshop At this time supplementary mas- 
sage and careful direction of exercises is often of great assistance 
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c«u>e their employment mekea it difficult to keep up the patient i 
mtereat, prvl it is bard to mduce him to pve them the constant use 
re quir ed to make them serve their intended purpose. 

Far better results have bee n obtained by expansion of the prin- 
ciples of curative workshops described below 

CuRATTVB Workshops. — ^Very important among these types of 
treatment is that of curative workshop training as distinguished 
from the purely vocational training which belongs to e later period 
and aioT at such different ends^ and by such darjullar methods, 
that it ■N'aikt be kept apart from the former in time if not m place 
as well. Curative workshop training should be uisUtuled at the earhest 
moment physically possible, often even while the injured person 
IS still a bed patient. Vocational training is to be employed only 
when the c u ra ti ve workshop tralnm^ m connectiofl with other purely 
therapeutic measures, has l e itur e d as fully as possible aU the func 
boos of the members lost or unpaired by the injury 

1 Anns of Curative Workshop Training.^ — The aims of thera- 
peutic or curative workshop treatment are, roughly threefold (1) to 
keep the mind of the patient occupied by Interesting work during the 
many months of convalescence, especiaUy at first when be ts likely 
to spend his time pendenng over his hopeless, helpless lot, (2) 
to restore the habit of work which g so ffequently lost during the 
period of suffering and docouragement associated with any long 
course of hospital treatment; (3) to obtain the greatest possible 
range of usefulness to structures directly or indirectly affected by 
the m ju i y in other words, both mental and physical reco uitr uction. 

For these reasons, curative workshop treatment should be m 
stituted in modified form as soon as operative procedures, splints, 
and dressings permit 

Certain types of work can be earned out in bed if a or 

h ands are available in any form. A few hours daffy on a piece of 
embroidery or knitting which is of interest to tl»e patient wflJ ac 
complish infinitely more m pr ese r v i ng or restoring function of the 
fingers or witst than the routine use of various foiim of mechano- 
therapy which involves the use of an elaborate machine taWc. xn 
rotation for a few moments each by a seriei of patients. 

2. Types of Work, — ^Tbe shop should be furnished with electnc 
power and should be divided into sections to give a reasonable va- 
riety of occupations. Whereas some power-dnven machinery such 
as lathes, drffls, and so forth, are sulvisable in order to fnnfa. the 
production of metal splints and other hospital equipment possible, 
the simpler the workshop tools and apparatus, and the more easffy 
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joints However, there is need for experimental work to show the 
actual value of the various forms of electrotherapy In mjury of the 
spmal cord, if the cord is not completely divided, exercise of the 
paralyzed muscles may sometimes be of service In cerebral mjury 
with resultmg hemiplegia, faradic stimulation may be useful, and 
then as a rule it should be applied only to the extensor muscles, 
as by so doing contractures may be prevented or lessened 

High-Frequency Currents — ^These are produced by discharg- 
ing one or more condensers through a coil of wire An electnc-light 
circuit IS used, the current of which is stepped up by a transformer 
The current alternates or oscillates at a very rapid rate An mduc- 
tion coil may produce a current which oscillates several himdred 
times a second, whereas the high-frequency or diathermy currents 
oscillate at a rate of 500,000 to 300,000,000 times per second 

One of the peculiarities of these currents is that the neuromuscular 
mechanism of the human organism does not respond even when 
a current strength of one or more amperes is used With currents 
of lower frequency this amperage might be fatal The practical value 
of the high-frequency current m surgical cases results from the fact 
that they possess the power to produce local hyperemia by heatmg 
the tissues deeply If used properly they produce no sensation other 
than that of heat 

The heat obtained from this high-frequency or diathermy ap- 
paratus differs from that obtamed by other means of heating the 
body m that it penetrates the tissues more deeply 

Diathermy may be used to warm paralyzed limbs that are cold 
and cyanotic, but because of the danger of bums if there is any) 
impairment of sensabon, it must be employed with great caution if 
at all 

Iontophoresis or Common Ion Transfer. — ^The power of the 
poles of the galvamc current to cause diffusion of various med- 
icmal ions from them and to cause these ions to pass through the 
superficial layers of the skm has been utilized in medicme Ions 
of iodine, histamme, and salicylic acid have been so used in the 
treatment of neuritis and mjured nerves, but they are of little value 
and the procedure may cause dangerous bums if sensation is im- 
paued 

Mechanotherapy — ^Many forms of mechanical apparatus have 
been devised which are designed to bnng mto play various groups 
of disabled muscles and thus increase their functionmg capacity 
While some of the simple forms are of distmct advantage, the results 
obtained have not justified the buildmg of extensive equipment be- 
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INFECTIONS OF SCALP 

THESE mfectioni ari»« from nontreatment or improper treatment of 
wouQcli of the *calp The inflamed region may be localixed around 
the faijury or diffuse, boggy edema of the whole scalp may bo preeent 
If infection ts e x teo ii ve there may be ■weUmg of the forehead and 
eyehda. 

The cootinuoo* eppticaOan of hot wet dressing* and mstitutioa 
of adequate drainage are the two method* of local treatment. If 
infection a localised, drainage can be obtained by the m airing of a 
linear or T-shaped incwion within the drannscribed region. If in- 
fection i* extensive, with generalised edema of the scalp coimter 
incisions should be made m portions m which pus is likely to be 
obtained or to which it would gravitate SuUathiajole powder should 
be used freely within the opened region. 

Cultures of material obtained always should be made and the 
appropriate form of cbemotherapiy ahould be instituted by mouth, 
but even before the type of organism present is known a course of 
suUtxnHatmde should be started (»ee “Meningiti*," p 186) 

The patient should be watched for symptxmu which would indi- 
cate a spread of the infective p ro cess of the scalp to the underlying 
bone or brain. 

03TE0»m5Lms OF SKULL 
In the presence of mfectians of the scalp m which dramage has 
been instituted or in the pre se nce of compound fractures of the skull, 
evidence that general sepsis is afflicting the patient or local evidence 
of infection in the region of iniury w a clue that osteomyelitis 
may be developing. Once started it may extend until huge portions 
o! the skull are involved. In the early stages of such a p p>r* n re- 
189 
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their use can be grasped by the patient, the better. Carpentering, 
cobbling, leather working, cabinet work, tailoring, wood carving, 
fretsaw work, leather embossing, metal work (especially for apparatus 
and splints), printing, weaving, basket-making, as well as typewrit- 
ing and bookkeeping, represent some of the most satisfactory types 
of work 

The surgeon m charge of the patient should perscribe the gen- 
eral type of exercise desired to be obtained m the workshop, based 
on the condition of the structures involved The administrator of the 
workshops will order the most suitable type of work to obtain these 
results, varying the .type of work in accordance with continued ob- 
servation of the patient’s mental and physical capacity 

Whenever individuals skilled in any particular occupation are 
found among the patients, if their general treatment will continue 
over a long period they should be used as instructors in the work- 
shops, supplementing the instructors A certain number can be used 
for clerical work Noncommissioned officers who are patients are fre- 
quently very useful in matters of discipline when put in charge of 
the men in workshops 

3 Allied Treatment — ^During the period of treatment in the 
workshop the importance of other treatment ordered by the surgeon 
in charge of the case, such as massage, electrotherapy, and so forth, 
should not be overlooked Appointed hours for such treatment should 
be arranged to fit in with the workshop hours in such a way as 
to cause as little delay and confusion as possible 

4 Preparation for Vocation — Curative workshop treatment 
should continue as long as there is possibility of any marked physical 
improvement from such treatment During this period the patient 
should be studied by the vocational director with a view to the 
permanent vocation to be recommended and in some cases the cura- 
tive work can be directed toward that end Purely vocational therapy, 
however, belongs to the following stage of the treatment, when fa- 
cility and capacity for the special line chosen can be freely de- 
veloped 

This following stage the formerly helpless, disabled, and dis- 
couraged soldier now can approach with a feeling of confidence and 
a hope for the future which would have seemed impossible before 
curative workshop treatment was first undertaken 
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INFECTIONS OF SCALP 

THESE Infecttoru ame £rora nontreatment or Imp r oper ti ea tm ent of 
wound* of the tcalp. The inflamed region may be localixed arotind 
the mjury or diffuie, boggy edema of the whole tcalp may be present 
If infection n extentive there may bo fwelling of the forehead and 
eyelid*. 

The contmuoui application of bat wet dreotng* and initituboa 
of adequate drainage are the two metbod* of local treatment If 
mfectioa it localiiad, dramago can be obtained by the making of a 
hnear or T-ihaped mcuion withm the drcumKTibed region. If in 
fecbon is extennve, with generalised edema of the tcalp, counter 
hicmont should be made in port i on* m which pus is likely to bo 
obtained or to which ft would gravitate Su7/af/iiazo/e p o w der should 
he used freely within the opened region. 

Culture* of material obtained alwa3^ should be made and the 
“Ppropriate form of chemotherapy should be institutod by mouth, 
hut even before the type of cnganitm present u known a courte of 
•uUannarntde should be started (see -MenOTgrti*," p. 186) 

The patient should be watched for symptoms which would irxJi 
a spread of the infective procett of the scalp to the underlying 
hone or brain. 

OSTEOMYELITIS OF SKULL 
^ presence of infections of the scalp m whicfa drainage ha* 
nttbtuted or in the presence of compound fractoret of the 

that general sepsis is afflicting the patient or local evidence 
o ection in the region of injury is a clue that oateorayehtii 
^ developing. Once started h may extend until huge portioni 
•kuU are involved. In the early stages of such a prftrMf re- 
185 
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suits of roentgenograms may be negative, but when the condition 
IS well developed the “moth-eaten” roentgenologic appearance of one 
or both tables is easily recognizable. 

{ 

Treatment 

Early removal of a small portion of bone affected by osteomyelitis 
in a compound fracture of the skull often will prevent spread of the 
condition through the vascularized bone 

Radical Excision — If the infection is already widespread, only 
the most radical t3Tpe of treatment is indicated This consists m sur- 
gical excision of the entire portion of the skull involved, even though 
this portion is a half or two-thirds of the cranial vault Bone should 
be removed to such an extent that the remaining contiguous bone ap- 
pears to be normally vascular Removal should be done as soon as 
the diagnosis is made, regardless of the degree of deformity which 
will result, since the operation is a life-saving measure Removal is 
best accomplished with heavy, double-action rongeurs, or by the 
procedure in which bur holes and the Gigli saw are employed 

When removal has been completed, the whole region is packed 
widely open, preferably by the placing of a large piece of smooth 
material, such as rubber sheeting or gutta-percha, over the denuded 
surface and then gauze over the rubber or gutta-percha If these 
materials are not available, vaselined ^auze may be used Suliathia- 
zole powder should be dusted over the whole denuded region. 

The periosteum over the osteomyelitic bone as a rule can be 
preserved, and in some instances it can be resutured and appropnate 
and adequate rubber drains can be left in place between it and the 
dura The skin flaps which have been made to secure exposure of 
the bone likewise can be drawn together loosely, and dramage with 
rubber drains agam can be mstituted. Partial closure such as this 
will save time, but care must be exercised and the wounds must be 
watched for any possible pocketmg of pus 

Plastic repair of large defects, when it is necessary, should not be 
undertaken for a year after the origmal removal of bone 

As in all infections, the proper form of chemotherapy should be 
employed, dependmg on the type of organism present as determmed 
by culture A discussion of these matters will be found under “Menin- 
gitis,” in the next mam section of this chapter 

MENINGITIS 

Infection of the meninges may develop from any type of com- 
pound fracture of the skull or penetrating gunshot or shell wound 
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of the brain. It is, however particularly likely to result from in 
juries which tr a verse the frontal or ethmoidal sinuses, or fr om basal 
fractures in which the tympamc membrane has been ruptined. In 
all such injuries it is of the utmost importance that chemotherapy 
be instituted at once and as vieorously as the patient’s condition will 
permit 

Dia^oels 

The diaenosis of meningitii u presumptive at any time dunns 
the patient’s course after a compound hacture of the skull or a 
spmal fracture, If headache, stiffness of the neck, presence of Kemig's 
sign, and possibly chills are accompanied by a sudden mcreate In 
temperature and leukocytosis. The diagnosis is absolute if lumbar 
puncture produces a cloudy or purulent cerebrospinal fluid, culture 
of which a positive. 

Delirium frequently b a sign of meningeal irrrtatiDn it usually 
appears early Drowsiness, stupor or coma may supervene. Periods 
of restlessness and stupor may alternate. The reflexes are variable. 

Whenever there is the slightest rhniral suspickm of menmgitla, 
the spinal fluid should be exammed. Lumbar puncture should be per 
formed and the pressure of the fluid should be measrured with the 
patient m the hoHsontal positioii. Specunens should be obtained 
for cell count and determinations of total protem and sugar In the 
presence of meningitis the cerebroapmal fluid may be slightly turbid, 
xanthochromic, or markedly cloudy to the point of containing frank 
pus. Pressure of the AukI ranges from narnial to ex tr e m ely high 
values (that is, 400 to 500 mm. of water) The number of cells ranges 
from several hundreds to as many thousands. Polymorphonuclear 
leukocytes pnedommate m the usual pyogenic types of meningitis. 

Lumbar puncture in edditioci to bemg employed as a diagnostic 
measure, should be earned out at least once or twice dally for thera- 
peutic purposes. If the p re ss ure of the fluid remains high (300 mm , 
or more) puncture should be done probably as often as every ei^t 
hours. 

In the presence of all forms of meningitis the primary focus 
should bo dealt with adequately so far as removal or drainage is 
concerned, and KtIfalhiajcJe powder should be used locally 

Chemotherapy In Meningitis 

Staphylocxxdc Afonintf/ffs. — For staphylococac meningitis sul/a- 
tWasoio IS the drug of choice. For mtravenous administration a 5 per 
cent solution of the todnim salt of the drug, freshly dissolved in warp..,^ 
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distilled water, should be used Three gm is given as the initial dose, 
and IS followed by 1 gm given every eight hours Oral admmistration 
of the drug should be mstituted as soon as it is feasible If the drug is 
admmistered orally from the start, 3 to 6 gm can be given mitially, 
followed by 1 gm given every four hours 

In addition to sulfathiazole, staphylococcic antitoxin admmistered 
mtramuscularly or mtravenously is a worthwhile adjunct The dose 
for an mfection as severe as menmgitis is from 10,000 to 20,000 units 
early dunng the first day m divided doses, followed by from 10,000 
to 20,000 imits daily until the desired effect has been obtamed 

Streptococcic Meningitis — For streptococcic menmgitis sulfanil- 
amide IS the best chemotherapeutic agent The drug should be given 
by mouth when this is possible An initial dose of 3 to 6 gm should 
be followed by 1 gm admmistered every four hours to the pomt at 
which an average daily dose of 6 gm is obtained. An equal quantity 
of sodium bicarbonate should be given with the drug If oral admm- 
istration IS impossible, 300 cc of a 1 per cent solution of the drug m 
physiologic saline solution should be mfused subcutaneously every 
twelve hours 

Pneumococcic Memngitis — ^For pneumococcic menmgitis, sulfa- 
pyridine IS the chemotherapeutic agent Specific antiserums also 
may be used. If sulfapyndme is given mtravenously, the mitial dose 
should be 0 05 gm per kilogram of body weight Thereafter, half this 
dose should be admmistered every eight hours until clmical improve- 
ment and improvement of the condition of the spmal flmd have been 
obtamed. If the drug can be tolerated when it is given by mouth, 6 to 
8 gm of it should be admmistered per twenty-four hours m broken 
doses The drug likewise may be given by hypodermoclysis, m which 
procedure a 0 5 per cent solution of sodium sulfapyndme m physio- 
logic salme solution is given m doses of 6 to 8 gm per day Smce 
relapse is common m pneumococcic menmgitis, chemotherapy should 
be contmued until the clmical course of the patient mdicates clearly 
that the mfection is under controL 

ABSCESS OF BRAIN 

Abscesses mvolvmg the bram may be extradural or epidural, sub- 
dural or mtracerebraL The last named is by far the most common 
form with which the surgeon has to deal as a result of penetratmg 
bomb, shell, and gunshot woimds The problem of diagnosis, localiza- 
tion and treatment of a post-traumatic abscess of the bram differs 
not at all from that encountered when such an abscess is consequent 
on any other source of mfection. In one respect the solution may be 
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eaiier for a history of injury to the head, together with certain 
details as to the site and typo of Injury, usually n at hand, and calls 
prompt attention to the possibility that an abscess may be the cause 
of the patients symptoms. 

Epidural and Subdural Abscesses 

After cranial trauma an acute abscess of the brain moet frequently 
develop* if at the tune of injury a aunpound fracture occurred- 
In Absence o/ Dmai Penetration . — If the dura has not been pene- 
trated, the pus m most cases will bo eifradural. Within three to five 
days local evidence of infection of the wound may be p r e se nt, plus an 
increase in tem p er a ture. Pulse and respiration are unlBtely to be 
affected. Headache Is outstanding. Tenderness to percussion over the 
adjoinmg cranial vault is common. Slight stiffness of the neck may 
be noted, A mild Increase in leukocytes is recorded. If the abscess 
lies over an active cortical area, such as the motor cortex, contra 
lateral reflex changes or more rarely muscular weakness or a con 
vuJsrve attack may be observed. If lumbar pxmcture is performed 
(and if this is done, no more than 05 cc. of fluid should be removed 
for ceQ count and estimation of pressure) an mcrease in leukocytes 
ts to be expected. Roentgen-ray studies usually are of little value un- 
less the case is one m whl^ the inner table has been much more 
wxlely fractured and depressed than the outer table and hence was 
not inspected or noted when the wound previously was explored. 

Treatment — Immediate reoperation and drainage must be per 
formed, with removal of all mvolved bone. The incision in the tkm 
should be left wide open, Light packing should be mtroduced, and 
intermittent lavage with suitable antiseptic solutions (Daldni solu- 
tion, acriflavme 1 1000 solution, duodium salt of 2 7 dibromo-Y- 
hydruiymercunfluoracem [mercurocbrome] 2 per cent, alcohol 
sotution of gentian violet 1 p>er cent) should be instituted. If a 
streptococcus can be isolated from the pus, tuliaz^airdde adminis- 
tered orally or otherwise in pr op er amount should bo used (see 
“Meningltia,” p, 186) The powder likewise should be used locally at 
t±jo site of mfection. 

In Presence of Dural Penetratson . — If at the time of the initial 
mjury the dura was penetrated, the resulting acute abscess may bo 
soWuraf or rntracerebraL The symptoms appear at about the same 
time the mjury was sustamed or twenty four to forty-eight hoina later 
and differ as a rule m degree only When the abscess forms, headache 
» more severe and meningismus ts more marked. Tbe temperature la 
elevated and, if the infection be intracerebral, pulse And respiration 
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may be retarded m comparison to the febrile reaction Vomiting may 
occur The patient may become delirious or stuporous. If the origmal 
mjury resulted in much loss of bone or if fragments were removed 
dunng debridement the wound may bulge, suggestmg mtracranial 
pressure Cautiously performed lumbar pimcture will reveal an m- 
crease in mtracranial tension plus an increased cell count due to 
the mcrease m number of leukocytes The neurologic signs will 
depend on the position of the abscess A collection of pus formmg 
in or near the motor cortex may give rise to h5^eractive and patho- 
logic reflexes contralaterally, focal convulsive seizures, or weakness or 
paralysis of the face or extremities Roentgen-ray studies should 
be made to determme whether or not a foreign body, which may 
have been overlooked when the wound was explored, is present m the 
brain 

Treatment — Subdural abscesses are evacuated by removal of 
bone and wide mcision of the dura over the collection of pus Ade- 
quate dramage should be msured, either by placmg of several rubber 
tissue or similar drams or by packmg the region lightly but widely 
open, first placmg some smooth material like rubber dam next to 
the surface of the bram and then gauze soaked in a mild antiseptic 
solution, above the smooth covenng Dry or wet gauze never should 
be placed next to the bram Dakmization is advisable, together with 
the local use of sulianilamide powder A cerebral fungus will form 
slowly, forcmg out the gauze When this fimgus reaches the level of 
the skm, lumbar puncture should be done to reduce mtracranial 
tension and the size of the hernia When the hernia has receded, the 
margms of the skin are drawn back over it The wound is allowed 
to heal by granulation 

Intracerebral Abscess 

The usual type of abscess of the bram is, as was said previously, 
mtracerebral, it forms aroimd some sort of foreign matter such as 
fragments of bone, hair, clothmg, or metal which has been driven 
m as a result of a war wound Such abscesses therefore are most likely 
to develop when the tracts produced by missiles withm the bram 
have been mcompletely cleaned out They are less likely to form 
around metallic foreign bodies than aroimd other material, but every 
retamed foreign body of any kmd nevertheless acts as the potential 
seat of an abscess of the bram 

Symptomatology of Brain Abscess 

The signs and symptoms of abscess of the bram are, first, those 
of infection, followed later by evidence of increased mtracraiual pres- 
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cira. They may develop at any time after injury from a few weeks 
to many years, but probably an»e most frequently between three and 
Bx monthi. Headache ii a very constant acco m pani m ent and, al 
thongh it may bo mtermittent, It is present m all stages. Komrfm^ a 
associated with the headache, but vanes with the degree of increased 
intracranial pressure, except in the case of cerebellar abscess, in 
winch v nnuhng occ ur s as an early irritative sign. The ptx/se rate 
during the early period generally is rapid, but is almost mvariably 
slow after encapsulation of £be abscess has been completed. Canvxil 
ttve seimrss are frequent in the early period and may occur at any 
stage. They may be focal of ge n er a l m type, depe n dmg on the site 
of the lesion. The optic duJca may show slight changes as a result of 
cerebral edema in the early stages, in the later stages a severely 
choked Hkif with hemorrhages Is the rule. Leukocytosis ts present, 
but disappears after complete encapsulation has occ ur red. The range 
of temper a ture likewise is high during the first stage and low during 
the second. In the beginning ce re b ra tion is slow end there is gradu* 
ally increasing stupor leading to coma m the second stage. Dehrhnn 
seldom occurs unless there a associated meningeal inflammation. 

CUracal Coarm . — ^The clinical course of the therefcre, 

may be divided into three stages. Firsf occurs difiuse infection involv 
ing a limited part of the brain or brain and meninges, with evidences 
of systemic infection, such as elevation of temper a t u re, rapid pulsei, 
and leukocytosis, with or without focal neurologic signs. Headache 
and vomiting, frequent muscular twitchmgs, and even convulsive 
seizures may occur The optic disks exhibit little or no change. After 
the invasion, the infection may spread rapidly through the bram 
or memnges or it may be encapsulated. 

In the eecond stage, that of encapsulation, the patient is afebrUe 
and without other evidence of systemic mfectxm. Signs of increased 
intracraiual pr ess ure, headache vomiting, slow pulse, choked and 
stupor, with or without localiring signs, depending on the situation 
of the abscess, characterize this stage. 

In the thml or terminal stage, the abscess if untreated produces 
symptoms of fatal pressure or the capsule ruptures with the escape of 
pus into the meninges, ventricles, or substance of the brain. After 
such rupture the course again is febrile. 

Diagnosis and Localization of Chronic Post traumatic Abscess 
of Brain 

Strictly speaking, every abscess of the brain passes through an 
acute stage which later may become chronic. War sUtistics as well 
7 
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as experience with the injuries of the head seen in peacetime seem 
to show that if a patient can survive for three weeks after a com- 
pound fracture of the skull with or without meningeal penetration, 
menmgitis or acute spreadmg cerebritis will not develop as a result 
of his mjury After this time any infecbon will take the form of a 
chronic localized abscess 

A common story is roughly as follows . A month or six weeks after 
the mitial mjury, with the wound completely healed or with a small 
draming sinus present, the patient may begin to feel listless and out 
of sorts Mild headache gradually appears, mcreasmg slowly m 
seventy. Appetite is lost and bowel function is impeded Dependmg 
on the situation of the abscess, neurologic signs, slight facial droop, 
weakness or clumsiness m the use of an arm or leg, difficulty m 
speech, particularly in the sensory sphere, visual impairment, mdi- 
cated by an homon3mous field defect, and ocular palsy may make 
their appearance The headache mcreases in mtensity, and mental 
dulness and slow reachon time become more marked Percussion of 
the cranium frequently will reveal an area of localized tenderness, 
and exammation and palpation of the scalp will disclose the evidence 
of previous mjury The pulse is slow and the temperature tends to be 
subnormal The two S5rmptoms consistently present m abscess are 
headache, general or localized, and a slow reaction time This clmical 
picture, plus the history of an mjury to the head (usually penetratmg 
m nature) should arouse strong suspicion of the presence of an ab- 
scess Certam other studies are essential, Determmation of the visual 
fields always should be made before the patient becomes so stuporous 
as to impair the accuracy of the procedure Roughly, 60 per cent 
of patients suffermg from chronic abscess of the bram will have 
papilledema on exammation of the optic fundi Roentgen-ray studies 
may reveal an old fracture or a foreign body withm the bram, more 
rarely, if a gas-formmg organism is the source of infection, a bubble 
of gas may mdicate the position of the abscess Studies of blood 
chemistry disclose mild leukocytosis, lumbar puncture (which must 
be done cautiously) reveals clear or very slightly turbid flmd that is 
imder mcreased pressure and contams leukocytes if the abscess is 
still developmg or a predommance of lymphoc3rtes if the abscess has 
encapsulated Hyperalbummosis is present 

If the general signs characteristic of abscess are present such as 
headache, mental hebetude, vomitmg, papilledema, slow pulse, and 
low temperature, and if the neurologic evidence is indefinite and m- 
conclusive as to the position of the abscess, ventricular estimation or 
a ventnculogram should be made without hesitation Accurate local- 
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of the letion n to important for luccewful furpcal dramage 
that these procedures are always indicated if any question exists- The 
positive mformation thus obtainable offsets the slight basard involved 
m these procedures. 

Treatment for Brain Abscess 

Diagnosis and localisation having been made as accurately as 
possible (and accuracy of 85 per cent a easily attainable) certain 
matters concerning operative methods must be considered- 

Pmmatvre AttemptM at Drainage. — The first and most important 
considerations are the length of time the abscess has bee n present 
gnri whether or not the infectious process ha* become walled off and 
encapsulated- Certain abscesses never will become encapsulated but 
at least they will contain pus which can be evacuated. Evidence 
lodicatea that if encapsulation it to occur It will be preaent by the 
end of the third week after the onset of symptoms. No other single 
factor is more likely to lead to the death of the patient than an 
attempt to dram a subcartica] infectioua process before free pus has 
been farmed. The only result of such a pr e m ature attempt at drain' 
age is further ertensioa of the cerebribs p r esen t 

Evacuation oi Pus. — ^The surgical attack on an abscess must be 
made along the route by which the infection entered, through ^be 
previous wound, because the great majority of abscessea lie along 
the tract of the injury Here the aubaracbnoid apace presumably has 
been obliterated by adhesions, end pus can be evacuated without the 
chance of ffie subsequent development of meaiingitis. Whh the pa* 
tient under the influence of focal aneatbeaia (which always should 
be used) on mdsion about 1 inch (2.5 an.) long is made In the line 
of the scar A half-inch (about 1-cm.) trephine bole is made m the 
bone and the dura is penetrated or if an opening already exists, the 
scar is carefully mated until the cortex is reached. Surrounding 
meningocorticsl adhesions should not be disturbed and only as much 
of the cortex should be exposed as Is sufficient to admit the tip of the 
exploring needle. This is the usual ventricular puncture needle, ex 
cept that it IS much longer than usual end has two large openings at 
each side of the tip. Instead of fine perforationa. The pus Is at times 
so thick that it will not escape unless the openings In the needle 
tip are at least as large as the bore of the needle hielf. The needle is 
now introduced along the tract of the previous injury A sensation of 
resistance similar to that whicffi would be obtained If a rubber bell 
were being prodded by the needle tip will indicate that the capsule 
of the alacesi has been reached. If the abscess has not become enctp- 
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sulated, the needle may suddenly fall mto a cavity and pus may 
appear at its outer end The angle at which the needle enters and 
the depth at which the capsule is encountered or at which pus is 
obtamed must be carefully recorded If a capsule is encoimtered 
it should be promptly penetrated The degree of force necessary 
to puncture it will provide a clue to the thickness of the capsule 
About 4 or 5 cc of pus is now allowed to escape and is carefully 
collected m a test tube, every effort bemg made to prevent soilmg of 
the wound Two cc of a colloidal suspension of thorium dioxide 
(thorotrast) is mjected mto the cavity of the abscess and the needle 
IS withdrawn Escape of the pus relieves mtracranial tension and the 
thorium dioxide will permit the size and position of the abscess to be 
identified on a roentgenogram If a suspension of thorium dioxide 
(thorotrast) is not available, air or iodized oil (lipiodol) might be 
used. 

While the pus is bemg smeared, stamed for orgamsms, and cul- 
tured, roentgenograms are made. The smears will provide a clue to the 
type of the organisms present and the number of them conveys some 
conception of the virulence of the mfection. Streptococci and staph- 
ylococci are the organisms most frequently encountered If strepto- 
cocci are identified, sulfanilamide always should be admmistered. 
Study of the roentgenograms will show the general position and size 
of the abscess and the most dependent pomt from which it can be 
dramed The force required to penetrate the capsule, as has been 
said, will suggest its thickness and also the degree of chronicity of 
the abscess It is to be remembered, m the plannmg of dependent 
dramage, that the patient will spend his time on his back m bed for 
the next few weeks 

Surgical Methods — Five methods exist for the surgical handlmg 
of an abscess of the brain 

Method 1 — ^Through a small treplune openmg the abscess can 
be tapped and the pus can be drawn off on one or more occasions 
without the mtroduction of dramage 

Method 2 — ^Through this small trephme openmg, after the ab- 
scess has been tapped, a fine, soft-rubber catheter can be mserted for 
dramage 

Methods 1 and 2 have the advantage that they dram the abscess 
with a minimum of trauma to the adjacent cortex and hence produce 
fewer serious neurologic sequelae to plague the patient m after-life 
But dramage may be madequate, an abscess with multiple cavities 
may not be completely evacuated by these maneuvers, and mcreased 
ranial pressure caused by edema about the abscess may not 



INFECTIONS OF NERVOUE SYSTEM 195 

be controlled imle» contralateral ■ubtcmpcral decompression is car 
ned out at tbe same tune. 

Method larger opening for cramectomy can bo made (4 by 

5 cm.}, surrounding the original scar Tbe dura then can be opened as 
far as the edge of the bone and the subarachnoid space can be 
obliterated by suture of tbe dura to the cortex, by electrosurgical 
coagulation, or by the packing of strips of iodofonn gauxe betwreen 
the dura and the arachnoid. Cqrtical vesse ls are secured by ligature 
or coagulation and a cor ti cal inosion is made down to the capsule of 
the abscess. Tbe capsule is then opened, pus is evacuated, retractors 
are introduced, tbe cavity of the abscess is carefully inspected to that 
tbe surgeon ran be certain that no communicating cavities exist, and 
it IS packed with gauze under direct vision. Instead of gauze a Mosher 
Wire dram may be used. If tbe capsule of the abscess is very thick 
and If the abscess Let close to the surface, the capsule may be drawn 
up and sutured to the dura or skin, thus effectively shutting off the 
subarachnoid space and preventing the development of meningitis 
(marsupialUattoa ) 

Method 4.-^Tbe abscess can be tapped and Identified and then 
a fairly large bony opening can be made over it Tbe dura a opened 
widely and the subarachnoid space Is protected b> the placing of 
padcs b e tw ee n dura end arachnoid. That part of the c o r tex which lies 
over tbe abscess b now completely excised and the abscess b un- 
roofed. No pacldiig at all is used except that employed to wall off tbe 
subarachnoid space. Intracranial pressure causes henuation of that 
portion of tbe brain which contains the abscess consequently the ab- 
scess b turned inside out the bottom of tbe cavity finally forming the 
top of the fungus. Dakiniration cootrob infection, and a too large pro- 
trusjcn of the fungus b combated by lumbar puncture. As healing 
occurs tbe fungus recedem, tbe flaps of slfTri are allowed to fall into 
place, and tbe wound beab by granulation. 

Method 5 — The possibility of complete extirpation of an abscess 
of the brain should be tDentioned. In the pres e n ce of a heavily encap- 
sulated post traumaPc abscess this method perhaps gives the best 
chance for cure. In such a drcumstance the capsule b to thick that 
tapping or tapping and drainage are unlikely to bo efficacious. For 
extirpaUon of an abscess in thb way a bone flap a elevated, tbe cortex 
b m ci s ed , and tbe abscen a enucleated as a whole, as a tumor u 
enucleated, without rupture of the capsule 

Recafitui.ation or METHona.— As may be gathered from thb 
bnefrevicw of the various methods suggested for the cure of abscess 
o the brain, much depends on proper Interpretabon of the obterva 
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tions made at the ongmal tappmg, identification of the organisms, and 
the mtroduction of thorium dioxide (thorotrast) Given an abscess 
close to the surface, without a capsule, (1) simple tapping without 
drainage is mdicated Later, after encapsulation has occurred, (2) 
tapping and drainage may be sufficient Any abscess situated in a 
region m which cortical damage may result m imfortunate neurologic 
sequelae warrants mextensive trephming, simple tappmg, or tappmg 
and dramage as an mitial procedure If this is not successful (3 and 
4) craniectomy, protection of the subarachnoid space, and cortical 
mcision down to or into the abscess seem the safer methods. (5) Com- 
plete excision after the makmg of a bone flap should be reserved for 
deep-seated, heavily encapsulated abscesses which will not collapse 
after dramage 

Postoperative Treatment — Whatever form of dramage is used, 
the usual volummous gauze dressmg should be placed over the whole, 
and left m place without change for two days. Thereafter, dressmg 
at one-day or two-day mtervals should be done Sultathiazole powder 
should be used freely withm the cavity of the abscess, but not on any 
exposed portion of the bram * 

As mentioned previously, there is always a tendency toward for- 
mation of a fungus around the site of the dramage tract This may 
perhaps be combated successfully by lumbar puncture if it is done 
promptly at the earhest evidence of hernia of the bram Gradually, 
drams or tampons will be pushed out and should be cut off about 
every forty-eight hours, as protrusion occurs Granulation over the 
whole region occurs slowly and the whole exposed portion must be 
covered carefully with smooth tissue and gauze placed over this If 
a fungus has formed, its surface also will granulate, and as mtra- 
cramal pressure recedes the fimgus likewise will recede, leavmg a 
flat granulatmg surface level with the bone Pmch grafts may be used 
on this surface to hasten epithelization. 

EPIDURAL SPINAL ABSCESS 

This disease occurs with sufficient frequency to warrant mclusion 
of it m a discussion of surgical mfecbons of the nervous system, par- 
ticularly smce it constitutes a real surgical emergency The abscess 
usually lies posterior to the cord, except when it is secondary to dis- 
ease of the vertebral bodies 

Staphylococci of various types are the bacteria most commonly 

* Sultathiazole powder if placed on the surface of the brain has been shown 
recently to carry the hazard of inducing convulsions For cortical apphcation 
sultaiulamide powder should be used 
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reiponiible, but pneumococci, ftreptococo, end Ebcrtbella tyi^lu have 
been cauiative organ ams. Tbe epidural abscei* may bo part of a 
ftaphylococcic type of iepticenua or It may be tbe only metartatic 
p f p .«i> f I from a prunary itaphylococac lesion aituated elsewhere, such 
ai a furuncle or cellubtis, oftcomyelitii of the vertebrae or sacrum, 
or inner extension thnrugh the vertebral foramma by an inflammatory 
p roco M lying external to the spinal ranal, such as a decubital ulcer 
of the sacrum. Postenorly situated ebscesees t end to spread up and 
down tbe extent of tbe eptdural space, whereas anteriorly situated 
tend to localise and spread into the subarachnoid space:. 

Symptoms 

The symptoms m this disease at first are those characterinng the 
presence of systemic infection, such as fever malaise, and leulco- 
cytocis. When the epidoral abscess is the chief lesion, there is seldom 
an mcrease of more than 2* or 3* m body te mper ature, and the leuko- 
cyte count u likely to e xc e ed 15 000 Tbe first symptom to draw 
attention to the spinal region as tbe site of an infection Is pain in tbe 
back. This pam may be exaggerated by coughiog, sneexing, jugular 
co m pJ c ss ioD, or movement of the spinal column. Spasm of tbe erector 
■pmae muxclei causes a striking rigidity of tbe neck in highly lito- 
ated lesions, so that meningitis may be suspected. Kerrfig’s sign can 
be elicited and tenderness over tbe spmal column in the region of tbe 
abscess may be marked. Radicular pains m tbe region of the abscess 
are common. Hyperesthesia, paresthesia, and numbness may be pres- 
ent in the tone of tbe involved nerve roots. The p receding prodromal 
symptoms may be present for some time before tbe serious manifests 
tions of this disease occur or they may occur wi thin the first few days 
of illness. The resulting compression ty p e of myehtis of the spinal 
cord produces rapidly progressive stipis of a transvcrso lesion situated 
below tbe level of the lesion. Locabxation is then somewhat simplified 
by tbe more defini te sensory leveL If the lesion is in the lower lumbo- 
sacral region, flacdd paralysis may develop m one extremity, with 
only weakness In tbe other If tbe lesion is sHuated in the cervical 
or thoradc region of the spinal column, partial or complete block may 
bo demonstrated before definite signs of compression of tlwi cord 
appear It should be borne in mind, however that in the performance 
of lumbar puncture removal of a small quantity of fluid may produce 
immediate paraple^ If tbe abscess b situatod in tbe lumbar region, 
himbar puncture should not be carried out, for if It a, the abscess 
mqdit bo penetrated, with resultant contamlnatian of the subarach- 
noid space. If the diagnosis is not suspected and lumbar puncture Is 
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done, the escape of a few drops of pus is diagnostic of the true con- 
dition 

Treatment 

Surgical intervention is indicated as soon as the diagnosis is sus- 
pected Laminectomy should be performed at the site indicated by 
neurologic localization Three or four lammae should be removed If 
the abscess is too extensive it may be necessary to do double laminec- 
tomy, which should be spaced so that adequate drainage can be 
obtained Dakin tubes or small rubber catheters should be run up 
and down in the epidural space to the top and bottom of the cavity 
of the abscess Pus, which has extended from between the laminae, 
may be encountered m the muscles of the back When the lammae 
are removed, the epidural fat is seen to be hard and red and to bleed 
easily When the attempt is made to strip the fat from the dura, 
the cavity of the abscess is opened and thick pus under pressure 
escapes. The wound should be left open and packed sufficiently to 
control the bleeding The drains, of course, should be left in position 
until dramage has practically ceased 

Accessory measures for the treatment of staphylococcic mfecbons 
(and particularly staphylococcic septicemia), such as staphylococcic 
antitoxin, the transfusion of blood, admmistration of sulfathiazole, 
and supportive measures m general, should be employed Doses of 
staphylococcic antitoxin and sulfathiazole are discussed on page 188 
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EXAMINATION FORftlS FOR PERIPHERAL 
NERVE INJURIES 

BTBON STOOKET MJ)^ »ad JOHN SCARFF MJJ 


IF the final reaulti of peripteral nerve mjurlea are to be evaluated, 
a vtacdard form of examination is essential Tbe examination should 
include careful sensory charts and complete data ccocemmg func 
don of the muscles Involved. Tbe loss of functxm of individual mus- 
cles should be noted and not total movements. The following pages 
are mtended to serve as models for examination forms applying to 
each wounded person who has undergoce peripheral nerve injury 
(I^igs. 68 to 70 inclusive and Charts 1 to 6 inclusive) 
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Passive Movements — ^Note limitations due to periarticular contractures, fixa- 
tion of tendons in scar, bony and joint injunes 


Muscle Status — Note atrophy, tone, fibnllary twitchings, direct myotatic 
irritability, tenderness, shortening of opposing muscles 


Tendon Reflexes 


Fig 68, b 
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Pewphkral NorVE Examination 
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Fig 69, b 
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Peripheral Nerve Examinatton 
JV fusc/e Irmervation 


Name Grade Ward 


SUPmAJCAJTJUUI NtRVI 

ULKAJt Norvs 

Sboaldvr 

ForMrm 


Flexor emrpi olnerts 

Infmplnatm 

Flcxtx- dlt^tormn proftmdci — 
medXel half 

LOKO Tho»acic Nt*vt 

Hencf 

Sbotddtr g]rdl» 

Flexor dlfltl qolotl breris 

Sfftm uttcrior 

Abductor dicitl qtdntl 

OppocMia cOcid quiiiU 

ATTTjj>yT Ke>TE 

Interoteei 

Shoald»r SlrdU 

LojnbHcele*— 3n! cad 4th 

T*m miDor 

Addtxlor poniHs — obtkioe cod 

Mtold 

tremrerce parts 

MtnCULOCCTAKEaOS Nektc 

Arm 

lotCToiecTa primnt Tolerie — deep 
pert of fiexor poIOcie brerh 

B3c«pi bncfati 

ItADUl. Nestx 

CqnwobfmgfaliLll* 

Arm— Medlel to humena — opper 

MeiuAJT Note 

third 

Trleepa— loctc. mecDcl, cod leteral 

Vlii lad«p«ad#et 


braoctoq of tb* miiUn mrr* 

tVetai liir tn Krwiiawn iiiti4><ta 

Pracator t*m 


Floor evpl nifi«lb 

Tricepe— Icmc> ri>*dlel cad letenl 

PbIbutIi Ion(m 


Floor dldtoram tobllroi] 


Flexor dlcHoratn profonchti 


Vie Tolxr InteroMo* tierre 


Flexor pollicif lott(oi 


Flexor di^treum prciIuDdiit — 

Ertemor ccrpl radtclla 

Uterel half 

Th-wMaUi— auiaH breub, OCCC' 

Prooetor qaedntoi 

elooelljr 



Abductor pclHcti brerls 

nerre 

Oppenem pqlUcti 


Flexor polUds brerla 

Sop! net or loocm 

Extensor dlcltomm 

Extensor dlclll qulud pro pries 
Extensor ecrpl olncris 

Ahdoctor podds lortcm 

Extensor podds loctcos 

Extensor polllcls brcrlj 

Extensor Inrflds propdos 


PH- TO 
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Trophic Disturbances — Skin, texture, color, 
traumatic sores 


Associated Injuries in the Extremity — Bone, tendon, r 


Remarks 


Fig 69, 6 
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Peripheral Nerve Examination 
Mufclo Innervation 
Name Grade Ward 


StnASCAPVlAJt NnvE 
SbeaMtr ghrlit 
Supracpirntm 
lofrop lr atni 

LowQ Thoracic Nowx 
SbooMtr ^rdla 
Samtoi nttrlor 

Axuxakt Nnnr* 

ShoaJdar girrll* 

Term m^oar 
D«Itold 

MtTBCOLOcuTAirroai Nam 
Arm 

Bicvpi brachil 
Ccra c obf rhl tl fi 

Median Ncitk 
FormM' t n -VU lad«p«nd*trt 

bmdm of tha meiJUn fwrr* 
Procutor t«TM 
n«arr c*rpt rtdlalU 
Palxocrti IcDEoa 
PlAEor <HcItartim tuEHmli 
Flexor (ticltoroin profttndto 
Via volar intsTonaa D«rv« 
FUxsr polOcU loocu) 

Flexor digltonim pro fv ndua— 
lateral half 
Prooetor qnadratui 
BmnJ 

Abductor poIHda brerU 
I OppocKoe potUda 

Flexor potUda bretit 


ULHAJt NZRVI 

Poraarm 

Flexor carpi ulnarla 
Flexor difitonim profundoe — 
medial half 
Hand 

Flexor dlfltl cpilnti brerla 
Abdoctor dlcld qrdntl 
Opponasa dlcitl q ul ii U 
iDteroaeei 

Lumbrlcalae — Ard arxl 4th 
Adductor polUdi — obliqoe eod 
tramveixe pertx 

loteroeaeoa primoa volerla — deep 
pert ol flexor poUlda brerla 

Rapial Nesve 

Arav— Medial to bomeroa — opper 
tMrd 

Trlcepe — joai, medial and lateral 

haadi 

Poaterlor to hum an* -cnlddlt 
third 

Tricep*— lone, media] end Ixtaral 
bMda 
Ancaoaijx 

l*taral to bamerm — lower 
third 

Brachi oradialla 
Exteoaor carpi radlalla 
Bradiialla — email branch, occa- 
donaHj 

Fore arm — Via deep ramui of rwlial 
nerre 

Exteoaor carpi radlalla brerla 
Soploator loccQs 
Exteoaor dlfftoruro commtmla 
Extanaor difitl qolntl [coprlaa 
Exteoeor c arpi ulnaria 
Abductor polUda Ion(ua 
Exteo eor polUda kneoa 
Exteoaor poIUda brerla 
Exteoaor proprloi 


Flf 70 
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Femoral Nerve 
Pectineus 
Sartonus 

Quadnceps femons (several 
branches) 

Obturator Nerve 

Anterior muscle group 
Adductor longus 
Gracihs 

Adductor brevis (usually) 
Pectineus ( occasionally ) 
Posterior muscle group 
Obturator eirtemus 
Adductor magnus 
Adductor brevis (occasionally) 


Sciatic Nerve Tibial Division 
Thigh — nerve to hamstrings 
Semimembranosus 
Semitendinosus 
Popliteal space — ^tibial nerve 
Gastrocnemius 
Plantans 
Popliteus 
Soleus 

Z^g — tibial nerve 
Tibialis posterior 
Flexor digitorum longus 
Flexor hallucis longus 
Foot — tibial nerve 

Plantar muscles of the foot 

Sciatic Nerve Peroneal Division 
Thigh — Nerve to biceps femons 
Biceps femons — short head 
Leg — deep peroneal nerve 
Tibialis antenor 
Extensor halluas longus 
Extensor digitorum longus 
Peroneus tertius 
Leg — superhaal peroneal nerve 
Peroneus longus 
Peroneus brevis 

Foot — terminal branches, deep 
peroneal nerve 
Extensor digitorum brevis 


Fig 70, b 
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Femoral Nerve 
Pecbneus 
Sartonus 

Quadnceps femons (several 
branches) 

Obturator Nerve 
Anterior muscle ^roup 
Adductor longus 
Gracilis 

Adductor brevis (usually) 
Pectineus (occasionally) 
Posterior muscle group 
Obturator extemus 
Adductor magnus 
Adductor brevis (occasionally) 


Sciatic Nerve Tibial Division 
Thigh — nerve to hamstrings 
Semimembranosus 
Semitendinosus 
Popliteal space — tibial nerve 
Gastrocnemius 
Plantans 
Popliteus 
Soleus 

Leg — tibial nerve 
Tibialis posterior 
Flexor digitorum longus 
Flexor hallucis longus 
Foot — tibial nerve 

Plantar muscles of the foot 

Sciatic Nerve Peroneal Division 
Thigh — Nerve to biceps femons 
Biceps femons — short head 
Leg — deep peroneal nerve 
Tibialis antenor 
Extensor hallucis longus 
Extensor digitorum longus 
Peroneus tertius 
Leg — superficial peroneal nerve 
Peroneus longus 
Peroneus brevis 

Foot — terminal branches, deep 
peroneal nerve 
Extensor digitorum brevis 


Fig 70, b 
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PREFACE 


'i Hk^ immediate mortality £rom thoracic tvound* inflicted by hi g h 
expkielve nutnles is very great. Exammatlcni of the dead on the battle- 
field hft* shown that appronmately 33 per cent died of thoracic lO- 
jnnet. The mortality at dreesmg stations has been cited at 25 to 30 
per cent, ft nd in 20 to 25 per cent. The mortality rate 

resulting from thoracic injuries In military hospitnls depends on 
whether the speed of evacuation and the distance of transportatioa 
permit an appreciable number of the senonsly wounded to live long 
enough to reach the bospitaL 

An attempt to reduce the mortahty rate among men woimded m 
the chest must be msde within the combat soae. This does not mean 
indiscriminate application of heroic measnres in advanced surgical 
stabons. In fact, the adoption of such s policy would most Iflcely in- 
crease the mortality rate, as many of the seriously wounded will die 
despite any form of treatment, while hasty in ter ve ntJ on will in hseli 
prove fatal to men who might survive under conser vati ve measures. 
What is needed is more accurate appraisal of the Individual patient, 
With prompt first-aid control of certain comphcahons of thoradc 
wounds. FoBowtng pi o per first-aid treatment, definitive measures are 
csiriod out with due regard to certain special aspects of thoradc 
wounds that set them apart from wounds of the bead, abdomen, or 
eitrwut tw 

The subject matter of tids mnnital has been rigorously limited to 
these special problems offered by wounds and injuries of the thorax. 
The general prindplos of military surgery and the operative raanage' 
ment of Uaumatic mjuries, Instruction regarding debridement, chemo- 
therapy the treatment of shock and hemorrhage, the administration 
of tetanus antitoxin and tcsold, and similar matters that are common 
to aH traumatic injuries hove purposely been omitted. 

Limltatian of the subject matter to practical diagnosis and applied 
therapy has led to the exclusion of certain other topics on which the 
■killed management of tboradc Injuries must be based. Standard ref 
erenco works can bo consulted for more complete exposition of the 
physiopsthology of the carthore s piratory mechanism, the pnnciplei 
underlying differential pretrare anesthesia, thoracic roentgenology 
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endoscopy, and particularly the advances of the past decade in the 
field of nontraumatic surgery of the chest. 

The subject matter has been divided into four parts Chapter I 
deals with the adaptation of general surgical principles to the special 
problems of thoracic mjuries Chapter II is a synopsis of treatment 
and disposition, designed as a reference manual for the personnel of 
advanced surgical stations Chapter III presents in more detail the 
diagnosis, first aid, and definitive treatment of thoracic mjuries and 
comphcatmg conditions Chapter IV contams a description of tech- 
nical procedures mentioned in the precedmg sections 

Even a hasty glance will assure the reader that this is not a text- 
book of thoracic surgery. It is designed as a reference manual for 
medical officers in the field, carmg for wounded men under the exig- 
encies of enemy action Corrective operations and more extensive 
procedures to be undertaken by competent surgeons in hospitals re- 
moved from the combat zone are not considered 

Subcommittee on Thoracic Surgery 
Committee on Surgery 
Division of Medical Sciences 
National Research Council 
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CHAPTER I 


GENERAL PRINCIPLES PERTAINING TO 
THORACIC INJURIES 


FIRST AID BIEASURES 

i' hK mftnagement of tbornac injtme* is concerned with (1) 

the arrest of hemorrhage from the thoracic wall, (2) physical cor 
rection of disturbances of cardiorespiratory physiology, and (3) pre- 
vention of infectioTL Arrest of hemorrhage b earned out according to 
estabhabed prinaplei of general surgery and requires little comment; 
management of disturbances of the function of the heart and lungs 
requires a banc understanding of the dynamics of the chest 

A defect of the thoradc wall results In a %ucldng” wound that 
r eq uif e s teomedlate airtight closure. Air accumulating under pres- 
sure in the pleural cavity often forcing Its way mto tissues as medi 
estioal or subcutaneous emphysema, must be afforded a vent Ex 
tensive fractures of the libs or sternum, or defects of three ribs or 
more following debridement of a wound, result in paradoxical motion 
of the mobile thoracic wall and demand stabilisation by secure strap' 
pmg or external fixation. Progressive hemorrhage mto the pleural 
cavity fr om a lacerated hmg Is treated by aspiration and tunultane- 
ous replacement with air (artificial pne um othorax) Progres si ve hem 
orrhage into the p ericard ium from a wound of the heart results in 
cardiac tamponade that can be relieved by aspiration with a hollow 
need le . Aspiration may be repeated if necessary until the need of 
cardiorrfaaphy is demonstrated end feeflities are available for carry 
tog out the operation. 

SUBSEQUENT TREATMENT 

Definitive surgical treatment for mtrathoracic mjuries is best 
earned out with the patient under intratracheal anesthesia to pro- 
vide differential pressure. Proper dfibndement of a thoradc wound 
may indude removal from the lung of fragments of high explosivo 
missiles, resection of devitalised or bleedmg pulmonary tissue, hemo- 
321 
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but, ttf a rule, a ccmseioui patient doc» not tolerate preaturo auffiaeot 
to inBate the hmg. 

Lo c a l aneatbeaia may be employed to lupplement general ane*- 
th^g m the courae of operationj on the thoracic walL Infiltration 
of the hilum of the lung may block disturbing vagal refle re a. Motion 
of the diaphragm can be stopped by direct mjection of the phrenic 
nerve or more simply by crushing It with a bemostat. 

Aasodated Injuries 

Abdominothoracic injunes are discussed under a separate head 

tng. 

The gravity of associated bead injuries is increased by the eleva 
tion of venous pressure that may attend injury to the thorax. 

In general, c o rre c tion of the cardiorespiratory disturbance md 
dent to a w ound of the thorax must precede the definitive surgical 
treatment of associated injuries. 

Hemorrhage and Shock 

A man can bleed to death Into bis pleural cavity without serious 
doturbance of respiratioo being caused by encroachment on pulmo> 
nary volume. The mechanical efiects of hemothorax are delayed be* 
cause they are produced by a traumatic effusion superimposed on 
the initial collection of blood. Bleeding from even extensive lacera* 
tions of the lung tends to stop spontaneously partly because of the 
low heed of pressure m the pulmonary circulatian and partly because 
of collapse of the organ from the attendant hemothorax or pneumo- 
thorax. 

In the presence of a thoracic injury that reduces pulmonary vol- 
ume, shock accompanied by bemoconcentration should be treated by 
infusion of blood substitutes rather than transfusion of whole blood. 
Tho increased viscosity attending hemoconxMntration mterferei with 
oxygenation in the pulmonary circuit and possibly adds to the bur 
den of the right side of the heart. 

In ienorel it a advisable to keep a patient with an injured /ung 
a Ujhtl y dehydrated rather then to invrfe pulmonary edenia by the too 
liberal use cl intrevenouB in/us/ons. Blood replacement t^^ w py is to 
bo delayed as long as possible in the pretence of contmulng mtrapuL 
monary hemorrhage. 

A small (200 to 300 cc.) hemorrhage mto the pericardium may 
produce cardiac tamponade. Repeated transfusions will have only 
temporary value until the tamponad# is released. 
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static suture of lacerated lung, airtight closure of divided bronchi, re- 
moval of foreign material and devitalized tissue from the pleural 
cavity and thoracic wall, and reexpansion of normal pulmonary tis- 
sue followed by airtight closure of the thoracic wall 

Empyema is to be prevented if possible; if it occurs, proper 
dramage is instituted and a chronic phase prevented 

Delayed removal of certain foreign bodies is advisable 

Evacuation and Transportation 

The risks of prolonged transportation and of early operation 
should be carefully considered and weighed against each other It 
should be remembered that many men with apparently desperate 
mjuries recover under conservative treatment and that early, open 
thoracotomy by an mexperienced surgical team is extremely hazard- 
ous Early intervention is urgently indicated in the presence of pro- 
gressive bleeding, open pneumothorax, pressure pneumothorax or 
cardiac tamponade Early control of infection is less imperative and 
should not impel an inadequately equipped medical officer to oper- 
ate Difficulties of evacuation may force mtervention which, when 
transportation is at hand, may be put off until a later and better 
equipped installation is reached 

Transportation by airplane is to be avoided if anoxemia or large, 
closed pneumothorax exists If oxygen is available during transporta- 
tion, these contramdications may be subject to modification 

Anesthesia 

Differential pressure anesthesia is advisable for major operations 
m which the pleural cavity is widely opened It is best earned out 
by tracheal mtubation, a method that at the same time provides for 
aspiration of blood and mucus from the trachea and bronchi during 
operation Differential pressure may also be obtained by a tightly 
fitting face mask. 

Anesthetic agents that may be combined with a high percentage 
of oxygen (ether, cyclopropane) are preferable to agents the use 
of which IS attended by anoxia (nitrous oxide) Vasoconstrictor drugs 
(such as epmephnne) should not be used when general anesthesia 
has been effected by cyclopropane, chloroform, ethyl chloride or per- 
haps tribromethyl alcohol m amylene hydrate (avertin) because of 
the danger of ventricular fibrillation 

Regional block or infiltration anesthesia is suitable for operation 
on the thoracic wall Local anesthesia or spinal anesthesia may be 
combined with the administration of oxygen under slight pressure 
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me a contraindicated- A dangeroia elevation of carbon dioxide ten- 
inn may already exist. 

The me of fobacco may be harmful through the coughing it m 
citea. If this a negligible, amolong m moderation may be permitted 
du r in g convaleecence. 

nr ehmy e of the Pleoral Cavity 

Pleural drainage u med for (1) prevention or correction of in- 
fection (2) prevention or co r rect i on of mechanical embarraxs- 
ment of resjiiratlon. 

Open drained that allows free entrance of air into the pleural 
cavity at the time of operation or subaequently is employed only 
for encapsulated coUections of pus, with firm adhesions between the 
reft of the lung and the thoracic wall. It has no place m the early 
treatment of thoracic injuries. 

doted draaiA^ p rev en ts entrance of air into the chest but allows 
escape of fluid and air It U established by an mtercostal tube (usu- 
ally trocar and catheter) Constant cJosetf dramoie can bo provided 
by attaching a flap valve (condom or finger cot) to the end of the 
catheter or better by connecting the catheter to a kmger tube (rter 
lilted) the end of which is immersed in water A trap bottle for 
collection of the exudate is conveniently placed between the chest 
and the water-seal valve. The suction of the chest will draw In the 
water unless this trap is provided or unless the water valve is placed 
at least 3 feet (91 cm.) below the point where the tube enters the 
chest. Intermittent cJoeed draina^ is accomplished by keeping a 
clamp on 'tiie catheter except when an aspirating syrmge is being 
med. Corwfanf closed dretna^ with suction or closed drainage with 
intemuttent migetson and suctkm may be applicable m specialized 
ntuatums but for practical reasons can be carried out only m well 
organized hospitals. 

Constant closed drainage inttsT be employed for contmuing pres- 
sure pneumothorax and (rarely) for rapidly increasing exudates, re- 
sulting from infection, that cannot be adequately removed by re- 
peated aspnation with the needle. Closed drainage for forty-eight 
hours is advisable following extensive dihndement of the lung and 
pleural cavity as evacuation of the terosanguineous exudate mmi- 
miies the hazards of infection and promotes reexpansion of residual 
hing. It also protects against immediate pressure pneumothorax that 
results from lealcago of air from tiie bronchi and it reveals postopera- 
tive hemorrhage. A fulminating infection of the pleural cavity that 
may appear withm forty-eight houm becomes recognizable by the 
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Pleural Shock and Air Embolism 

While temporary fall m blood pressure and apnea may attend 
manipulation of the pleura or lung, particularly in the hilar region, 
so-called pleural shock is usually a result of air embolism A small 
amoimt of air entering a pulmonary vein may be carried through 
the left side of the heart, to lodge m a cerebral artery Death may 
occur abruptly If the man survives, convulsions or transient hemi- 
plegia may be manifest Air must never be introduced through a 
needle entermg the thorax unless it is certam that the pomt of the 
needle does not communicate with a radicle of a pulmonary vein, 
In surgical procedures mvolvmg the lung the patient’s head is placed 
lower than his hips to lessen the possibility of cerebral air embolism 

The Use of Drugs 

Patients with severe mechanical disturbances of respiration suf- 
fer from asph3rxia, for which oxygen therapy is mstituted at the earli- 
est moment it is available 

Morphine may make respiratory movements more effective by 
dunmishmg pam but care should be taken not to abolish the cough 
reflex or to mduce respiratory depression 

Atropine is used by some thoracic surgeons m liberal dosage 
(M.00 gram [0 0006 gm ] repeated m forty-five minutes) as preop- 
erative medication to lessen vagal reflexes and dimmish secretion of 
mucus. It IS used m even larger doses for cardiac tamponade On the 
other hand, it has a tendency to mcrease the viscosity of the bron- 
chial secretions and to make it more difficult to clear the tracheo- 
bronchial tree by coughmg 

Use of barbitwates is contraindicated m conditions associated 
with low concentration of oxygen or high concentration of carbon 
dioxide m the blood The use of barbiturates for mamtenance of 
anesthesia is also contraindicated if differential pressure anesthesia is 
to be employed 

The cough reflex is not to be depressed by codeine or cough 
mixtures when it is essential for the patient to evacuate pus by 
coughmg 

Respiratory stimulants will rarely be required or be effective if 
used Cafteme or preferably 25 per cent solution of pyndme beta- 
carboxyhc acid diethylamide (the proprietary preparation coramine) 

IS mdicated for periodic respiration Carbon dioxide is to be used with 
caution as a respiratory stimulant when pulmonary ventilation is m- 
adequate If it does not produce an immediate response its further 
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A* IS true of treatment for other wounds, chemotherapy is not a 
substitute for proper surgical metfwxls. 

Use of systemic chemotherapy m a routine u advisable m cases 
of injury of the chest to prevent pneumonia or pulmonary suppura- 
tion. This is particularly important If the wounded man has suffered 
from exposure or if respiratory infection is prevalent. 

Chemotherapy may not prevent empyema but is of great value 
if it merely delays its appearance. Despite a hi^ concentration of 
the drug m the blood, it may not penetrate large masses of blood 
clot In the pleural cavity or Its actloD may be inhibited by the 
products of protein decompos iti on. Surgical evacuation of the clot, 
with local reapplicatlon of the drug and its continued systemic use, 
may obviate drainage for hemothorax accompanied by mfeebon of 
low grade. 

Problenui of Convalescence 

Early ambulatory treatment aids reexpanslon of a collapsed lung- 
Patients ere Instructed m deep breathing exercises designed to 
itreogthen the muscles of resptratkm and to restore the symmetry 
of the thorax. Especial sttentioo u d ir ected to the prevenbon cn- 
eocr e c tl oti of tcoUotis. Free mobon of the shoulder gudle is devel 
oped by exercises. 

Hemoptysis late In convalescence may be attributable to pul 
monary infarcbon, granulation tissue m a healing bronchus or bron- 
chial fistula, foreign body in the hmg or pleura, bronchiectasis or 
activabon of latent pulmonary tuberculosis. Treatment is by rest 
unbl a prop er diagnosis can be made:. 

Expectoration of put after the bealmg of an external sinus usu- 
ally mdicates Incomplete healing of an empyema cavity that com 
municatet with a bronduis. The pus may also finrf origin in a resid- 
ual pulmonary cavity or focus of hronchioctasis. It may bo nec essar y 
to reestablish external drainage until complete appraisal of the situ- 
aboD can be 

A ainus of the tboraac wall that persists longer than four to six 
weelo after removal of drainage tubes is usually mdicabve of a re- 
sidual empyema cavity with a bottleneck typo of drainage tract A 
persistent sinus may also be caused by an mfected foreign body 
Osteomyelitis of ends of riba is rare, but a fragment of rib from a 
compound, comminuted fracture, or a sequestrum from a rib denuded 
of Its perkateum and loft in an infected field, may be found m a 
per sist ent sinus. 

A bronchopleural fistula usually heals as the 


empyema cavity 
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character of the drainage In the presence of established infection or 
bad contamination, with infection apparently inevitable, closed drain- 
age IS continued or later is converted into dependent, open dramage 
after the mfected region has become encapsulated 

Drainage is not employed for sterile hemothorax Collections of 
blood that cannot be evacuated with a needle can be removed with 
trocar and catheter used as means of thoracentesis Increasing hemo- 
thorax from continuing pulmonary hemorrhage is treated by aspira- 
tion of blood and simultaneous replacement with air 

Drainage tubes are irrigated only to maintain their patency and 
for this purpose warm saline solution should be used Irrigation of 
the pleural cavity with chemical antiseptic substances is generally to 
be condemned, although the use of carefully prepared Dakm’s solu- 
tion (buffered 0 5 per cent solution of sodium hypochlorite) is favored 
by many after the pleural exudate is definitely purulent Irrigation 
is never to be employed when a fistula exists between lung and 
pleural space 

Dramage tubes must be anchored securely to the external thor- 
acic wall to avoid their retraction into the pleural cavity When a 
tube IS draining a region of established infection it cannot safely be 
removed until the cavity it drains has become obliterated In em- 
pyema the progress of obliteration of the cavity can best be deter- 
mined by actual measurement of the volume of the cavity from time 
to time The patient is placed so that the dramage opening is upper- 
most Known quantities of sterile salme solution are injected until it 
overflows The dramage tube is not removed permanently until the 
capacity of the cavity is 10 cc or less This method cannot be em- 
ployed if a pleurobronchial fistula exists Iodized oil (lipiodol) is 
then used imder roentgenoscopic guidance 

Chemotherapy 

Crystals of a sulfonamide may be used m the pleural cavity or the 
thoracic wall The rate of absorption from the pleural surface is ap- 
proximately the same as that from the alimentary tract The total 
dosage, therefore, must be regulated accordmgly, with appropriate 
correction if the drug has been employed prior to operation 

Local application is followed by systemic mamtenance of chemo- 
therapy If dramage of the pleural space is employed a varymg pro- 
portion of the drug applied locally will be evacuated with the effu- 
sion Observations of the concentration of the drug m the blood are 
necessary for precise control of dosage m the important immediate 
postoperative penod 



CHAPTER n 


SYNOPSIS OF TREATMENT AND DISPOSITION 
OF THORACIC INJURIES 


1 Tanffcntlal or Nonpcnelrallng (Pleoral CaTity Not En 

tered) Wotmds ^tboot HemoptyBis* Eltasioiu Hemor 
rfaage, or Shock 

(a) Fxnt Aid Drentng. Chtrmotberapy 

(b) Definitive Treatment 

Ounebot vvminda (biUIet) Ufually conservative. Wound 
ezddon (?) 

Fragment oi hi^h exploeive znfn^e. Wound erciiion. 

2 Tangential or Nonpenetratijig Wounds with Hemoptysis 

(а) Firtt Aid Drenteg. Ghemotberapy Circular bandage. 

Morphme. 

(б) Detrruthre Treatment 

CmiMhot vrotmd*. Drening or wound excision. 

Fragment of high exploeive znifsHe, Wound excision. 

If bleeding u cevere or persistent, artifidal pneumotho- 
rax. Careful observation to include X-ray of chert if 
hemoptyvii perrtrta or tuberculosii U nupected. 

8 Tangential or Nonpenetrating Wounds with Simple, Not 
Compounded Rib Fraclnre (Single or llnlUple) 

(a) Frrrt Aid. Dre»mg. Chemotherapy Circular bandage. 

Morphine. Intercortal nerve block for ievere ppm , 

(b) Dednitive Treatment 

Ovnabot wounda. Ufually conservative. X ray Circular 
elartdc bandage. 

Fragment of high expJotive nvnJIe Wound eicuion in- 
cluding careful eearcb for foreign bodiea Circular ela*- 
bc bondage. Careful obiervation for Infection. 

4 Comprasion Injories with Tniamallc Asphyxia or Cyano- 
aia Involvins the Head Neck, and Shoulder Girdle. 
Duo to compronion of the thoracic vitcora a, the ro- 
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obliterates itself or is closed by plastic operations late in convales- 
cence A bronchocutaneous fistula may persist mdefinitely and opera- 
tion for closure can be undertaken only late in convalescence, after 
complete appraisal of the condition of the surrounding lung and ad- 
jacent bronchial tree 

Infection of a preexisting but asymptomatic bronchiectatic lesion 
may follow respiratory mfection or the hardships of military service 
Purulent sputum, hemoptysis and recurrmg pneumonitis are charac- 
teristic symptoms Surgical operation is undertaken only as a meas- 
ure of rehabilitation m cotmection with discharge from acbve service 



CHAPTER n 


SYNOPSIS OF TREATflEENT AND DISPOSITION 
OF THORACIC INJURIES 


1 Tangential or Nonpenetrating (Pleural Cavity Not En 
tered) Wounds without Hemoptysis, Effusion, Hemor 
rhage, or Shock 

(a) Firtrt AxL E)re»*mg. Chemotherapy 
(h) Dofbutive TroetmenL 

GuriMhot wotxnda (bullet) Uiually ctanaervative. Wound 
excuion (?) 

Fragment oi foih cxptotFn mmi/e. Wotand cxcinon- 

2. Tangential or Nonpeneiratlng Wounds with Hemoptysis 

(a) Fmt Aid Dressing. Cbemotberapy Circular bandage. 

Morphine. 

(b) Deftmtrro Treatment 

QurtMhct wtnmdt. Dresilng or wound exdsKm. 

Fraiawnt of hih expJo*ivo mzati7e Wound exciaiop. 

If bleedmg u •ever© or permtent, artificial pneumotho- 
rax. Careful observetkm to include X ray of chest If 
bemoptyds perwists or tuberculosis is suspected. 

3 Tangential or Noupenetrallng Wounds with Simple, Not 

Compounded Rib Fracture (Single or Multiple) 

(a) Firgt Aid Dressing. Chemotherapy Circular bandage. 

Morphme. Intercostal nerve block for severe x^m , 

(b) Definltrve Treatment. 

Gunshot wotindB, Usually c onserv ati ve. X ray Circular 
elasbc bandage. 

Fragment of high exp/oc/ve miaile Wound oxcixion in- 
cluding careful search for foreign bodies. Circular elas- 
tic bandage. Careful observation for infection. 

4 Compraaion Injuries with Tranmatlc Asphyxia or Cyano- 

sis Involving the Head Neck, and Shoulder Girdle. 
Doe to c omp re n ran of the thoracic ritcera a* the re- 
229 
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suit of cave-ins, falling buildings, or being crushed by, or 
between, moving vehicles Blood is expelled from the 
great veins and right auricle into the valveless jugular 
and subclavian vems The head, neck and shoulders are 
purple and ecchymotic, the eyes protrude, the tongue and 
lips are dusky and swollen There are multiple ecchjnnoses 
and petechiae, and there may be coma from intracranial 
hemorrhage or choked disk and blindness Recovery from 
coma may be protracted If the patient survives the first 
day he usually will recover spontaneously. 

(а) First Aid Rest Chemotherapy. Respiratory stimulants 

(б) Definitive Treatment Inhalation of oxygen for respir- 

atory distress Respiratory stimulants Examme for as- 
sociated injuries such as ruptured diaphragm or rup- 
ture of abdommal viscera 

5. Extensive Mobilization of the Thoracic Wall by Rib Frac- 
tures. Very extensive unilateral rib fractures may produce 
serious respiratory embarrassment because of the paradox- 
ical movement of the mobilized wall and shiftmg of the 
mediastinum In presence of extensive bilateral fractures, 
adequate expansion of the lung may be impossible. They 
occur on shipboard from gun recoil 

(a) First Aid Morphme m moderate dosage The pam may 

be relieved by the injection of the correspondmg in- 
tercostal nerves with 1 per cent procaine Circular 
adhesive strappmg, particularly for unilateral injuries 
Immobilization by adhesive tape may also be tried 
for bilateral fractures but tape should be removed if 
it causes mcreased respiratory distress Rest Oxygen 
Patients breathe better seated than recumbent 

(b) Definitive Treatment Oxygen In some imilateral and 

most bilateral mjuries the thoracic wall should be 
stabilized and elevated by perichondrial wire sutures 
or towel clips attached to the third and fifth costal 
cartilages The wires or towel clips are then connected 
with a weight by overhead pulley (Balkan frame), or 
attached to a plaster jacket Continue immobilization 
until chest is stable (at least three weeks) 

6 Massive Atelectasis. Massive atelectasis or collapse may m- 
volve the mjured, or more rarely the contralateral, lung. 
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following blunt or penetrating thoracic injune* with or 
without rib fracture. It producra dyipnea, fall m blood prc»- 
nire, iometunes cyanotix. 0ulness is associated with distant 
or absent breath sounds (often over the whole hemithorax, 
whereas in the presence of fluid charactentpc dgns are 
found over the dependent parts of the chest while the upper 
portion ts resonant) Movement of the hemithorax is ro- 
stncted, the diaphragm is elevated and there is dlsplace- 
ment of the trachea, the heart (apex beat) and other medi- 
astinal structures toward the affected side. Atelectasis is 
due to causes which prevent movement of air in all or a 
part of one lung, such as splinting of the thoracic wall and 
diaphragm fro m pain, aspuation of blood, mucus, or a 
foreign body or com p ression of one of the main bronchi. 

(a) Fhti AnJ Morphine, onfy m small amounts, if at all. 

Place padent on uninjured side force cough and deep 
breathing. Chemotherapy 

(b) Definiliva Traatmant If maneuvers just suggested do not 

clear the lung, bronchoscopy or aspiration by means of 
an intratracheal catheter may be mdicated. 

7 Penetrating Injuries wilhont Serloos Hemorrhage or Shock 

(a) Pwst Aid Dressing. Circular bandage Morphine. Chemo- 

therapy 

(b) DeSrutive Troatmant. 

Gisnshot wound X ray Treatment usually conserv ativ e, 
occasionally wound excision. 

Fragment of fuih explosive mlnile X-ray Woimd exci- 
sion. Thoracotomy and removal of foreign bodies, es- 
pecially careful search for org an ic foreign bodies, such 
as bits of clothmg. Careful observation for develop- 
ment of Infection, (e m p ye ma) 

8, (A) Penetrating Injuries with Shock and Hemothorax 
from Intercostal Vessels. To be suspected if signs of 
hemothorax are present without expectoration of 
blood. 

(a) Firti Aid Treat for shock. Administer whole blood 
or plasma. In case of open wounds apply direct 
ligature or pencostal suture to bleeding artery 
Morphine. Chemotberapy Place patient on in- 
jured tide. If there ts continued bleeding (evi- 
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denced by increasing hemothorax and persistent 
shock), the wound should be excised and the 
bleeding controlled if at all possible 

(b) Definitive Treatment Excision of wound and lig- 
ature of artery, with nb resection if necessary 
Close chest without drainage Observe for empy- 
ema Aspirate chest if massive effusion occurs 

(B) Penetrating Injuries with Shock and Hemorrhage 

from Injuries to Internal Mammary Artery. Ex- 
sanguination may take place rapidly, in two or three 
hours or even less To be suspected if course of mis- 
sile traverses site of artery 1 cm lateral to sternal 
border, if bright red blood escapes from wound, and 
if signs of hemothorax are present without hemoptysis 

(a) First Aid Treat for shock Admmister blood or 

plasma Chemotherapy Incise and ligate both 
ends of artery if circumstances permit Place man 
on injured side 

(b) Definitive Treatment Expose and ligate both ends 

of artery Remove blood by suction Close thor- 
acic wall without drainage Observe for empyema 
Aspirate chest if massive effusion occurs 

(C) Penetrating Injuries with Shock and Hemorrhage 

from Laceration of Lung. Laceration of the lung is 
to be suspected if signs of hemothorax are present and 
the wounded man expectorates blood This sign is not 
wholly reliable, for bloody expectoration may be ab- 
sent if the periphery of the lung is tom, or again, 
blood may be expectorated from a contusion of the 
lung without laceration 

(a) First Aid Treat for shock- Admmister blood or 

plasma Dressmg Morphine Chemotherapy Place 
man on mjured side or sitting up 

(b) Definitive Treatment X-ray Small, penetrating 

wounds (bullet) not admitting air may be treated 
conservatively More extensive wounds, espe- 
cially those made by irregular fragments, are 
treated by debridement of the skin and muscles, 
with closure, or by the application of a gauze 
dressmg without closure of the skin By placing 
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the man in a position so that a small, penetratuig 
wound 11 dependent, evacuation of blood from 
the pleural cavity may take place spontaneouily 
Small effutioni are treated conservabvely 

Effusions extending above the tilth rib poste- 
riorly are treated by aspiration and simultaneous 
replacement with air Aspiration may be done 
with a needle of large caliber or by the trocar 
cannula-catheter method The catheter is usually 
removed as soon as the blood has been evacuated 
but it may be left In for a few hours if there are 
special indications for so domg. Infection will 
follow if the catheter is allowed to remain for too 
long a period. 

If bleeding from the lung into the pleural cav 
ity continuet, aspiration and replacement with air 
(artificial pneumothorax) In suffinent amount 
actually to c o m pr e ss the lung, a indicated. If 
bleeding continues despite com p re ss ion of the 
wounded lung, tboracotcony becomes mandatory 

Wounds caused by fragments of high explosive 
missiles require careful debridement of the tbor 
aoc wall and removal of foreign material from 
the pleural cavity and substance of the lung. The 
lacerated por ti on of the lung may be resected or 
the damaged hmg may be brought mto the wound 
■nd secured by sutures, dosing the tboradc wall 
around a gause pack. 

Airtight dosure is essential. This may be by 
primary closure or if the security of the pulmo- 
nary suture (bronchial air leak) hemostasis, and 
asepsis seem doubtful, drainage by water-seal 
catheter may bo instituted. If empyema does not 
develop the catheter may bo removed when the 
postoperative effusion has been evacuated, usu- 
ally at the end of forty-eight hours. Leaving it 
longer invites Infecban. Ob ser ve for empyema. 
Aspirate residual or recurrent coUections of fluid. 

Choice of station at which definitive surgical 
treatment of thoradc injuries with severe lacera 
tion of the lung Is instituted, a governed by mili- 
tary exigencies and the equipment and assistance 
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available Decision between operation and con- 
servative treatment must be shaped by the facil- 
ities at hand and the competence of the surgical 
team Remember that infection of the pleural cav- 
ity may be dealt with later, while open operation 
under unfavorable circumstances may lead to dis- 
aster. Necessity for prompt evacuation need not 
be understood to contramdicate treatment at ad- 
vanced stations, for men wounded m the manner 
considered here often stand transportation better 
in the first twenty-four hours after operation than 
they do a few days later 

(D) Penetrating Injuries with Shock and Hemothorax 

from Wounds of Heart with Communication be- 
tween Pericardial Cavity and Pleural Cavity. Mas- 
sive mtrapleural hemorrhage. Chummg sound over 
heart Men rarely survive to reach dressmg station In 
case of survival 

(a) First Aid Morphine and atropme Treat for shock. 

Administer blood or plasma 

(b) Definitive Treatment 

Bullet wound Aspiration of hemothorax. If bleedmg 
contmues or recurs, transpleural exposure, cardi- 
orrhaphy 

Fragment of high explosive missile Indications for 
cardiorrhaphy same as above Wound excision, 
removal of foreign bodies, cardiorrhaphy Ob- 
serve for mfection of pleura and pericardium 
Aspirate residual or recurrent collections of fluid 
m either cavity If purulent fluid is obtamed from 
the pericardial cavity, immediate open drainage is 
mdicated 

(E) Penetratmg Injuries with Wounds of Heart and Car- 

diac Tamponade. Circulatory collapse Distended ex- 
ternal jugular vems Mufiled heart sounds (quiet 
heart) Immobile cardiac shadow on fluoroscopy. 

(a) First Aid Morphine, gram % (0 016 gm ) plus 
atropme, gram %o (0 00132 gm ) 

Bullet wound or fragment of high explosive missile 
Aspiration of blood from pericardium by costo- 
xiphoid route 
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(b) Definiiivt Tnatment If tamponade recun or per 
a»pirate. If it again recun, extrapleural ex 
posure and cardiorrhaphy Observe for empyema 
of pericardium and pleura. Prompt open drainage 
for empyema of the pericardnim. 

9 Penetrating Injoriea with Loss of Substance of Thoracic 

WalL (Sucking Pneumothorax) 

(a) First Aid Morphine. Chemotherapy Immediate airtight 

closure by suture, strappmg or bandage. Treat for 
•hock. Keep patient on infured side. Oxygen. 

(b) De/bvtivo Tmtment Debridement to include ex cisi o n 

of wound as well as removal of foreign bodies. Air 
tight closure by xae of diaphragm, muscles of tbor 
scic wall, suture of hmg to tboradc wall, or tldn £ep 
when necess ar y Intercostal dosed drainage as indi 
cated. Observe for emp y e m a. Aspirate for large e£fi>- 
•knx 

10 Penetrating Injuries or Other Injuries with Pressure 

Pneumothorax Labored respiration, increefing dyspnea 
together with tympanibc hy p er r e so nance, absence of 
breath sounds on the affected tide, and detdation of the 
trachea, apex beat and mediastinum toward the unaffected 
side. 

(a) First Aid. Morphme Chemotherapy Puncture in the 

second mtercoftal space anteriorly with a large boro 
(15 gauge) short (2 inch or 5 cm.) needle. Needle 
should be left m place only if air continues to escape 
under pressure. Plrst-aid dressing. Place patient on 
injured side. Beware of evacuation by airplane. 

(b) Definibvo Treatment Gunshot wound If air continues 

to escape under pr essure, replace needle with con- 
stant closed trocar-canDula-catheter drainage. 
Fragment of fagh explosive missile X-ray Wound ex 
cisicn. Thoraco t omy foreign body removal, suture of 
perforaticn m lung If perforation u stthiII, airtight 
closure. If associated with extensive laceration of 
lung, the injured segment of lung may be resected or 
sutured to the wound margms and surrounded by 
gauze pock. Intercostal closed drainage. Observe for 
empyema and reexpanskm of lung. 
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11. Penetrating Wounds of Trachea, Primary Bronchi, or 
Esophagus with Mediastinal Emphysema. Recognized 
by deep emphysema m neck, labored respiration, dyspnea, 
and engorgement of vems of neck and upper extremities 
Mediastmal emphysema may be accompanied by pressure 
pneumothorax, which should be treated as described m 
the precedmg section 

(a) First Aid Morphme Chemotherapy Suprasternal inci- 

sion to allow escape of air if warranted by dyspnea. 
Nothmg by mouth if wound of esophagus is sus- 
pected 

(b) Definitive Treatment If emphysema and dyspnea are 

progressive, suprasternal mcision to provide for es- 
cape of air from deep planes of neck. If condition not 
relieved, low collar incision with severance of muscle 
attachments if necessary for adequate exposure Sep- 
aration of loose cellular mediastmal tissue to level of 
wound m air passage Loose vaselme or plam gauze 
pack aroimd a soft rubber tube down to perforation 
m trachea or bronchus or, if patient’s condition per- 
mits, major thoracotomy and repair of perforation m 
airway. Latter procedure should be undertaken only 
when proper facilities are available and when shock 
has been completely controlled. If wound of esoph- 
agus IS demonstrated by X-ray or otherwise, repair is 
imperative as soon as conditions permit. Feed with 
Levme tube and parenterally Observe for medias- 
tmitis (Chills and fever, pam, discomfort on swal- 
lowmg X-ray — widemng of mediastmal shadow ) 
Drcun high mediastmal abscess by cervical route. 
For descendmg suppuration, low posterior medias- 
tinotomy is mdicated. 

12 Penetratmg Injuries with Subcutaneous (“Surgical”) 
Emphysema. Subcutaneous emphysema is distressmg but 
rarely dangerous or fatal It almost alwa 3 rs recedes spon- 
taneously Look for pressure pneumothorax, or medias- 
tmal emph 3 ^ema, and direct treatment to those comph- 
cations Differentiate from gas bacillus infections, which 
are accompamed by fever and evidence of severe toxemia 
(a) First Aid Morphme Chemotherapy Circular bandage 
with elastic compression dressmg at site of wound. 
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(b) Defixutsv^ 7're*^men^ Moffphm©. Compression at site of 
injury by elastic co m pression dressing or sandbag 
weigtung 1 to 2 pounds (about 0^ to 1 kg.) Ranly, 
if the subcutanema emphysema is progr e ssi ve, exci- 
sion of wound down to site of perforation of thorax. 
Repair Observe for empyema or phlegmon of thor 
ack waU. 


13 Perforating Injnrlea (Those with Wounds of Entrance 

and Exit) Gtmshol wounds. Asunder penetrating mjuries 
except that removal of foreign bodies a ordinarily iinnec 
essary 

Fregmonf of high explosive cnissfe. X ray for retained parti- 
cles of missile. Removal of irregular fragments. 

14 Pleoro-abdomlnal Woands (Transdiaphragraatic) 

(a) First Aid. Morphine. Chemotherapy Close sucking thor 

aac wound immediately Treat man for shock. Ad 
minister blood or plasma. Transfer to surgical hospi- 
tal as soon os possible. 

(b) DeSnittve Tnstimnt Treat for shock. Examine for ab- 

dominal injuries. Wound excision. Suture diaphragm 
and crush phrenic nerve If diaphragmatic injiny is 
extensive Control pulmonary hemorrhage by suture 
or resectioo, and close chest tightly using diaphragm 
if necessary Treat intre-abdommal injuries eitber 
via thoracotomy and transdiaphragmatic laparotomy 
or via direct Isparotomy For ^f^bf-s^ded in/urfes with 
laceration of liver pack subdiaphragmatlc space nnrf 
dram through posterior or lateral mdsion with rib 
re se cti on (below diaphragm) if necessary Leit-xtdod 
infuriet involving the stomach or spleen do not re- 
quire ebdotmnal drainage. They ere readily acces- 
sible through the dlaijhragm. After repairing injuries 
to abdominal nacera the diaphragm is re pair ed. The 
chest may be drained by dependent intercostal cath- 
eter (water-seal dramage) if it is grossly contam- 
inated. Keep abdomen and pleural cavity separate by 
diaphragmatic repair 

Observe for em pyem a and iiJ&jtfl^Qmlnal com 
plications, especially aubdlaphra^atic^bicess. 
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15. Rupture of Diaphragm. May accompany crushing injuries 

of the chest or abdomen, or compression injuries. Sug- 
gested by epigastric pain and distress and hyperresonant 
percussion note at the left base with absent or dimmished 
breath sounds X-ray. Posterior portion of left side of di- 
aphragm usually IS involved The stomach, a large part 
of the colon, the spleen, and loops of small intestine may 
he in the left part of the chest Right-sided rupture is 
rarer and is associated with displacement of the liver and 
colon. 

(a) First Aid Rest Morphme Treat for shock Admmister 

blood or plasma Withhold food by mouth if there is 
distention, distress or vomitmg Nasal tube drainage 
of stomach 

(b) Definitive Treatment Many of these patients will be 

subjected to laparotomy under suspicion that a rup- 
tured viscus IS present Repair diaphragm either 
via laparotomy or thoracotomy incision Laparotomy 
IS preferable for early cases without adhesions If re- 
pair IS done transpleurally, crush phrenic nerve 

16. Blast Injuries. Impact of the blast wave from the nearby 

explosion of a bomb or shell may cause extensive damage 
to the lung without evidence of external mjury. Blood or 
blood-tmged fluid may trickle from the nose or mouth 
Profound shock may appear promptly or within a few 
hours 

(a) First Aid Rest Morphine in small amounts Atropine 

Oxygen 

(b) Definitive Treatment Oxygen Supportive treatment for 

shock, employmg blood substitutes m preference to 
whole blood Atropine Avoid anesthesia by mhala- 
tion 
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COJIPLICATIONS AND SEQtJELA^: OF THORACIC 
INJURIES 


PNEOMOTHOHAX 

AIR may enter the pleural cavity from without, throufih a penetrat 
Ing woimd from withm, from wounds of the lung, bronchi oc esopb 
ague; or rarely gas may be formed In the pleural space by gas- 
forming mlcro-orgamsms. 

Evacuation by airplane of patients who have pneumothorax may 
cause fatal respiratory embarrassment 

Types of Pneumothorax 

A c/oced pnmanothofAx has no communication with the outside 
through the thoracic wall It may have been produced by air escap* 
ing fr o m the lung or by air entering a penetrating woimd of the 
thoracic wall that subsequently has become closed. An artificial pnau- 
mothorax is a closed pneumothorax induced for therapeutic purpoeea. 
A apootaneom prmxmothorax is a closed pneumothorax produced by 
the rupture of a bleb on the surface of the hmg. It is usually not due 
to direct trauma but occsslonally s produced by aspiration with a 
needle. 

BUaferal clamod pneumothorax can be tolerated if the amount of 
air in the pleural cavitiei Is not too great Bilateral open pneumo- 
thorax IS rapidly fatal unless the openings are small 

Pressure pneumothorax (‘Valvular* pneumothorax or “tension" 
pmeumothorax) results from valve-lilce rupture of the lung or air 
passages, through which, when the patient coughs or strains, air is 
forced into the pleural cavity A high pressure is bmlt up, causing 
collapse and compression of the Injured lung and reduction in the 
volume of the opposite lung by displacement of tbo mediastinum 
towMrd the opposite side. P re ss ure pn eu mothorax is e more frequent 
complication of crushing miuries than of penetrating wounds. 

Open pneumothorax is produced by a wound that creates a de- 
fect m the tboradc waU, causing free communicaticpn between tbo 
a39 
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pleural space and the outside air. Its harmful effects are a resultant 
of the size of the openmg and the initial vital capacity of the mdi- 
vidual On inspiration air is drawn into the pleural cavity. For this 
reason, the condition is known as a “sucking” wound An open pneu- 
mothorax IS much more dangerous than a closed one. In the former, 
not only are there serious pressure disturbances which affect the 
ability of both lungs to take in air, but also, because of the swingmg 
motion of the mediastmum (mediastmal flutter), there is movement 
of air from the more collapsed to the less collapsed lung during in- 
spiration and in the reverse direction during expiration (pendulum 
air). As a result, both respiration and circulation are seriously im- 
paired The normal mtake of fresh air into the lungs is dimmished 
and the pressure disturbances likewise interfere with the passage of 
blood along the large mediastinal veins and with the fillmg of the 
auricles In addition to the serious consequences of open pneumo- 
thorax already mentioned, the pleura is exposed to gross contamina- 
tion by the suckmg in of air, and considerable loss of heat occurs 
by the excessive ventilation of the pleural cavity with the to and fro 
passage of air On the other hand, with closed pneumothorax there 
IS less serious pressure disturbance, unless too great tension has been 
caused by excessive introduction of air m artificial pneumothorax, 
and the circulation of blood is much less likely to be seriously im- 
paired The dangerous pressure pneumothorax mentioned m the 
precedmg paragraph is not a closed pneumothorax despite the ab- 
sence of a communicatmg wound through the thoracic wall 

Open pneumothorax exists durmg operations m which the pari- 
etal pleura is mcised so that air enters the pleural space Under these 
circumstances, the deleterious effects are controlled by differential 
pressure anesthesia 

Diagnosis 

S5miptoms of respiratory msufficiency, cardiac embarrassment and 
penpheral circulatory failure m the various types of pneumothorax 
depend on the volume of lung that is collapsed, the rapidity of on- 
set, the degree of mediastinal displacement and the initial vital 
capacity of the patient Open pneumothorax and pressure pneumo- 
thorax produce a dangerous or fatal degree of respiratory decom- 
pensation whereas simple, unilateral, closed pneumothorax may be 
well tolerated. 

Percussion gives a hyperresonant note, auscultation elicits dis- 
tant or absent breath sounds The mediastmum is displaced toward 
the opposite side Displacement of the mediastinum is detected by 
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(1) palpation of tho trachea in the tuprartemal notch, (2) palpa- 
tion of the apex unpiilae, (3) auscultation for m a xim a l intensity of 
cardiac sounds, (4) percussion of cardiac dulnesi. 

Treatment 

Closed UnUaieral Pntxxmoikora ^ — This demands no treatment 
other thfin rest and sedation unless the air cont ai ned m the chest Is 
under positive pressure or large m amount; then it is aspirated- 
Pressure Pneumothorax. First Aid Treatment — Any measure 
that allows the air to escape will relieve pressure and reduce dyspnea. 
A short needle of largo caliber (15 gauge) is i n se r ted into the sec 
ond mtercostal space anteriorly at least 1 inch (2J cm.) from the 
sternal border The needle Is left tn place only If air continues to 
escape under p r es sure. If a large needle Is not available, an incision 
through tha thoracic wall, with Introduction of a catheter or small 
tube, will do. The patient it placed on the affected side 

Subsequent Treatment — If air cootmues to escape under pres- 
sure the needle ts replaced by a small catheter introduced through 
a cannula and conn ected os tn a closed drainage system. The cath- 
eter if removed as soon os air ceases to escape, usually in from 
twenty-four to forty-eight hours. If the pneumothorax shows no tend 
ency to recur further treatment is unnecessary 

Open Pneumothorax (“SueWng" Wcemd") — This condition is al- 
ways serious and the larger the opening mto the thorax the greater 
tho danger It is that open wounds of the thoracic wall bo 

closed at tbs etaltest possible moment If facilities for final closure 
are not available at the first-md station, temporary closure must bo 
made and the patient transferred as quickly as possible to an ade- 
quately equipped station, 

First Aid Treatment — ^Immediate airtight closure by suture 
should be effected when possible. If because of exc essive tissue kas 
or for other reasons it Is not possible to close the opening by suture, 
it should be closed temporarily by adhesive plaster rubber a 

large pad of vaseline gauso or moist dresilngi, or any other means 
at hand. 

Subsequent Treatment, — An X-ray film should be made for 
the detection and localixatian of foreign bodies. If infection has not 
developed, thorough dibndement should bo performed, including re- 
moval of foreign bodies and devitalized tissue from the thoracic wall, 
thoradc cavity and hmg. If possible to do so without tension, tlie 
’'arinus layers of the thoracic wall should bo approxunated. If this is 
not possible, closure can bo accomplished by one of the following 
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methods (Fig. 1) (1) If the wound involves the lower portion of 

the thoracic wall, the diaphragm can be paralyzed and then sutured 
to the margins of the wound. To paralyze the diaphragm the phrenic 
nerve is crushed transpleurally, or a small incision is made above 
the clavicle and the nerve pmched with a hemostat (2) In the upper 
portion of the thorax, such broad, heavy muscles as the pectoralis 
major, the latissimus dorsi or the trapezius can be mobilized and 



Fig. 1 — ^Repair of large defect in the midportion of the thoracic wall by the 
combined use of the diaphrag^n and such heavy, flat muscles as the latissimus 
dorsi and pectoralis major 

sutured over the defect If none of these measures is applicable, 
closure can be obtamed by suturing the lung to the margins of the 
wound, then covering the area by a gauze pack. The skm can be 
mobilized and advanced for suture by relaxmg incisions 

If active infection already has developed the tissues of the thor- 
acic wall can be approximated snugly by the use of adhesive plaster. 
Suture of muscles or plastic operations that brmg parts together un- 
der tension are to be avoided. In the presence of gross mfection the 
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Opening rttn bo closed by an occlimvo pack made of rubber sheetuig 
or gauze impregnated with vaseline. The pleural cavity Itself should 
not be packed or gauze placed against the mediastinum. The pleural 
space is drained by an intercostal catheter preferably m a de- 
pendent position away from the wound m the thoracic wall, and 
connected with an underwater tube. When an occlusive pack is era 
ployed it is sutured to the skin so it cannot be drawn into the chest. 
The patient is kept on the mjured side imtil pleural adhesions form 
and the medlastlnura becomes stabilized. 

EMPHYSEMA 

Types 

Subcutaneous or “sur^fcaf en^hysoma is produced by air enter 
mg the tissues at the she of injury in the thoradc wall The air usu 
sUy Is forced out mto the tissues by the bead of pressure m a pressure 
pneumothorax. Rarely it comes directly from an injured adherent 
long. 

In ma diaatinai emphysema the air enters the loose, areolar tit- 
•lies of the mediaitinam from wounds of the trachea, larger bronchi 
or esophagus. Ah alto may be drawn into the mediastinum through 
low cemcal wounds. Crepitation first appears above the sternal notch 
and spreads from that pomt as subcutaneous emphysema. Compres- 
SKtn of the largo veins by the air In the mediastmum inter f ere s with 
the return of blood to the heart and thereby reduces the cardiac 
output The result is circulatory failure that may progress to death. 
Diagnosis 

Crepitation in the tissues is readily detected by palpation. Ehir 
ing auscultation of the chest it produces an audible crackling. Coame 
crepitation, synchronous with the heart beat be beard m the 
psesonco of medlaitmal emphysema when the patient holds his 
breath. With mediastinal emphysema there may be intense dyspnea, 
cyanosis and engorgement of the veins of the head and neck. Sub- 
^^rtaneous emphysema m itself rarely produces senoia consequences 
m sphe of the terrifying appearanw in an extreme 

types of emphysema are to be differentiated from gas phleg 
nioa A normal temperature and pulse rate are m favor of the former 
while induration and edema associated with fever and leukocytosis 
■uggest the latter 

Treatment 

SubctrtBwou, BmpJrwmi— Whro iubcutaneom KDphy««n« u 
and cttmive. luiuUy it come from premre pnmimo- 
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thorax or mediastinal emphysema Treatment of the primary condi- 
tion IS therefore indicated In the rare instance m which the air is 
commg from an adherent lung, incision of the thoracic wall down to 
the pleura, with debridement of the wound, will be effective. Mul- 
tiple mcisions for the escape of air from the tissues are rarely in- 
dicated 

Mediastinal Emphysema — This may require immediate and rad- 
ical first-aid measures Urgent s3nnptoms demand a suprasternal m- 
cision to provide decompression of the mediastinum If laiyngeal 
obstruction is present, tracheotomy or intubation must be added 

HEMOTHORAX 

Definition 

Hemothorax results from hemorrhage into the pleural cavity from 
the thoracic viscera, the thoracic wall or from both sources The 
blood tends to remam fluid, probably because it is defibnnated by 
the motions of the lungs and heart 

Diagnosis 

A man may bleed to death into a pleural cavity, yet only the 
classical signs and symptoms of hemorrhage, plus the physical signs 
of fluid in the chest, may be evident The presence of the amount of 
blood that represents a fatal hemorrhage will not m itself produce 
senous mechanical disturbances of respiration Respiratory difiBcul- 
ties may be produced by an associated pneumothorax, or may appear 
later due to the superimposed traumatic effusion 

Hemothorax is to be differentiated from (1) massive pulmonary 
collapse, (2) rupture of the diaphragm, (3) pleural effusion and (4) 
consolidation 

Massive Collapse of the Lung — In hemothorax, as with pleural 
effusion, the breath soimds are diminished but .may be bronchial in 
character Egophony is present and there may be h5q3eiTesonance 
above the area of dulness In the presence of massive collapse, the 
breath sounds are absent or diminished Most important, however, is 
the displacement of the mediastmum (trachea and heart) toward the 
dull side m cases of massive collapse and away from the dull side 
in cases of hemothorax. 

Rupture of the Diaphragm with Displacement of the Abdominal 
Viscera into the Thoracic Cavity — ^Peristaltic sounds heard by aus- 
cultation may be suggestive but usually x-ray exammation is re- 
quired to establish this diagnosis 
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Pletsral ESiman ol Inlediota On^at — ^Thli may b« differen- 
tiated only by tboracente»:i. 

ConsoUdatktn ol a Confined or Pnevmonic Lung — ^Thl* is ac 
cpmpgTl^^ by increased, rather than diminished or absent, tactile 
fremitus intense bronchial breath sounds, In conb'ast to the dl 
miniihed bronchial breathing or absent breath sounds of hemothorax. 

Treatment 

See Chapter I, “Hemorrhage anH Shock,” p. 223 Chapter II 8 
(C) “Penetrating Injunes with Shock and Hemorrhage from Lacera 
tion of Lunfc" p. 232 and this chapter “Infected Hemothorax," p. 248. 

EMPYEMA OF THE PLEURA 

Diagnosis 

E m pyema is chare ctemed by the signs and symptoms of sepsis; 
a dull or flat percussion note, diminished or absent tactile fremitus, 
distant bronchial breathing or abcence of breath sounds displace- 
ment of the mediastinum toward the opposite side and intercostal 
teodemen and Lmitatioa of the respiratory excursion on the effected 
side. CollectioGS of pus encapsulated In the interlobar fissures, be- 
tween the lung and the diaphragm, or medially b etwee n the lung 
and mediastinum, are more difiBcuH to diagnose. In such cases, local- 
ization is made by x ray In various positions. 

The final diagnosis is made by means of the aspirating needle. 
The site of thoracentesis a selected on the basis of physical signs and 
localisabon by x-cay Diagnosa u often delayed because thoracen- 
tesis is limited to conventianal sites. 

Common mistakes m the management of em py ema are (1) the 
selection of too low a point for diagnostic puncture, (2) selection of 
too high a the for surgical drainage end (3) the use of open drainage 
before actual, frank pus ts pre se nt. 

Unless foul-smelling pus is obtained on thoracentesis, drainage is 
delayed until bacteriologic exammatioD has been made by smear or 
culture. Adherence to this rule, military exigencies perrmtting, not 
only win prevent the disastrous conxequences of draining an unmixed 
tuberculous effusion but will provide a rational guide to chemother 
spy and be helpful in the management of certain complications that 
•Ppear at a later date. 

Types of Empyema and ITielr Treatment 

See Chapter I, "Drainage of the Pleural Cavity " 

An understanding of types and stages of empyema u essential to 
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their proper treatment A fairly close analogy can be drawn with the 
modern concepts of the management of peritonitis 

Diffuse Pleuritis (^Acute Empyema') — In its early stages empy- 
ema IS a generalized infection of the pleural cavity characterized by 
accumulation of thin, cloudy fluid m the dependent portion This 
fluid contams pus cells and micro-organisms. In lobar pneumonia 
(pneumococcal) it appears after the pulmonary infection is full- 
blown. In streptococcal infections the fluid appears early, is large m 
amount and may mask the underlying bronchopneumonia Drainage 
at this stage does not help the infection and may produce fatal com- 
plications Aspiration with a needle is done to relieve serious en- 
croachment on pulmonary volume, especially if the respiratory re- 
serve is further reduced by bronchopneumonia of one or both lungs. 
Aspiration is undertaken when the fluid is causmg respiratory em- 
barrassment Under no circumstances should the creation of open 
dramage be considered at this time because it would add the harm- 
ful effects of open pneumothorax Rib resection is contraindicated 
in this stage Under favorable circumstances a catheter may be m- 
serted intercostally with airtight technic, if this is done, closed 
drainage should be rigidly maintamed for at least fourteen days, at 
the end of which time the lung will be adherent to the thoracic wall 
and open dramage or supplemental nb resection is permissible 
When constant personal supervision by a surgeon experienced m this 
technic is impossible, it is better to rely on aspiration by needle, 
repeated when necessary and supplemented by chemotherapy 

Encapsulated Abscess of the Pleura {Encapsulated Empyema) 
— ^When the infection becomes localized, the adhesions around the 
abscess bmd the lung to the thoracic wall The pus becomes thick, 
and large masses of fibrm may be present The pneumonia usually 
has subsided when this stage has been reached but fever and leuko- 
cytosis continue or reappear after a brief subsidence X-ray demon- 
strates localized opacity 

In cases of encapsulated empyema dramage is by nb resection 
after the diagnosis has been confirmed by thoracentesis The de- 
pendent region of the pocket is localized by means of the aspiratmg 
needle with the additional aid of the x-ray film Rib resection is 
performed and a finger mserted to determme whether the opening is 
really at the bottom of the cavity If it is more than one nb from the 
bottom, a second nb resection is made that is at the dependent por- 
tion of the cavity Intercostal trocar-catheter dramage is not suit- 
able for dramage m cases of encapsulated empyema The blmd 
thrust of a trocar may damage an adherent lung, and there is no cer- 
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tflmty of obuining dependent dramage. Alio, thick pm and fibnn are 
difficult to evacuate through a catheter 

Massive or Total Empyema . — ^When maislve coUectioni of thick 
pm have leparated the apex of the lung from the thoracic wall, drain 
ago a managed *o that there may be ilow evacuation of the pm with- 
out of air The lung then expand# a# the pm i# drained 

tiH become# adherent to the thoracic wall. Aipiration by needle or 
an intercostal catheter might accomplish this but the hydrostatic 
pr ess ure of the massive empyema tends to force pm mto the tissue 
planes of the thoracic wall adjacent to a puncturing opening. It 
ts better to use the wider opening of a rib resection, but on o penin g 
the pleura a large tube that is connected with a closed drainage 
water-seal should be quickly inserted- A vaseline gaure pack is placed 
about the tube allowing free vent for pm that escapes around iL 
The tube is kept clamped most of the time but it is opened every 
four hours (intermittent closed drainage) to allow approximately 
200 cc. of pm to drain imtil the chest is empty Then the clamp is 
removed and co n stant closed drainage is continued as long u the 
cocmectioa between tube and thoracic wall remains airtight 

Mixed InJeetton (Asiaenbh) Empyema . — When foiil pm is ob- 
tained at diagnostic thor a cen tesn , operative drainage becomes an 
urgent procedure to prevent a phlegmon of the thoracic wall sprend- 
mg from the needle tract Foul empyema is often complicated by 
brcajchopleural fistula as the empyema commonly originates fr om a 
focm of necr o tiring pneumonitis or an early lung abscess. Pneumo- 
thorax may already be present fro m this source. If a patient is ex 
pectoratmg foul pm, diagnostic thoracentesis is p er fo rm ed with the 
patient on the operating table and facihties for immediate drainage 
at hand. 

The infection Is usually so virulent that tr ea tm ent must be imder 
taken before encapsulation has taken place. According to the p r ln - 
dples stated above, aspiration by needle or intercostal drainage mi^t 
be thought preferable however the hazards of pM^gmtTn of the 
thoraac wall are to groat that a modified form of rib resection may 
be undertaken. A large tube is quickly inserted through the incision 
into the pleura and connected with a water-seal valve. Constant 
closed drainago a maintained. No sutures are placed in the thoraac 
wall, the tube being surrounded with a vaseline gauze 

If the patient is extremely HI and hospital facilities poorly 
adaiJted to the maintenance of constant closed dramago, one of two 
alternative procedures may bo followed (1) A 3 inch (about 7S 
cm.) Incision h made down to the rib and intercostal space under 
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their proper treatment A fairly close analogy can be drawn with the 
modem concepts of the management of pentonitis 

Diffuse Pleuntis (Acufe Empyema") — In its early stages empy- 
ema IS a generalized infection of the pleural cavity characterized by 
accumulation of thm, cloudy fluid m the dependent portion This 
fluid contams pus cells and micro-organisms. In lobar pneumoma 
(pneumococcal) it appears after the pulmonary mfection is full- 
blown. In streptococcal mfections the fluid appears early, is large in 
amount and may mask the underlying bronchopneumonia Dramage 
at this stage does not help the infection and may produce fatal com- 
plications Aspiration with a needle is done to relieve senous en- 
croachment on pulmonary volume, especially if the respiratory re- 
serve IS further reduced by bronchopneumonia of one or both lungs 
Aspiration is undertaken when the fluid is causing respiratory em- 
barrassment Under no circumstances should the creation of open 
dramage be considered at this time because it would add the harm- 
ful effects of open pneumothorax. Rib resection is contraindicated 
m this stage Under favorable circumstances a catheter may be m- 
serted mtercostally with airtight technic; if this is done, closed 
dramage should be rigidly maintamed for at least fourteen days, at 
the end of which time the lung will be adherent to the thoracic wall 
and open dramage or supplemental nb resection is permissible 
When constant personal supervision by a surgeon experienced m this 
technic is impossible, it is better to rely on aspiration by needle, 
repeated when necessary and supplemented by chemotherapy. 

Encapsulated Abscess of the Pleura (^Encapsulated Empyema). 
— ^When the mfection becomes localized, the adhesions around the 
abscess bmd the lung to the thoracic wall The pus becomes thick, 
and large masses of fibrin may be present. The pneumoma usually 
has subsided when this stage has been reached but fever and leuko- 
C3d;osis contmue or reappear after a brief subsidence. X-ray demon- 
strates localized opacity 

In cases of encapsulated empyema dramage is by nb resection 
after the diagnosis has been confirmed by thoracentesis The de- 
pendent region of the pocket is localized by means of the aspiratmg 
needle with the additional aid of the x-ray film Rib resection is 
performed and a finger mserted to determme whether the openmg is 
really at the bottom of the cavity If it is more than one nb from the 
bottom, a second nb resection is made that is at the dependent por- 
tion of the cavity Intercostal trocar-catheter dramage is not smt- 
able for drainage m cases of encapsulated empyema The blmd 
thrust of a trocar may damage an adherent lung, and there is no cer- 
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to the wuno prmdple* that apply to woundi of other toft parti. In re- 
moval of the foreign bodle* and in dAbridetnent of the wound, duo 
care i» taken to avoid opening the pleural cavity 

pienra and Long 

The demanftration of a metallic foreign body in pleura or lung 
it not in ittelf an mdication for intervention. When the damage to 
the thoracic wall or lung by traveno of the mhailo ii $o minimal 
that d6farideinent can tafely be omitted or limited to excision of 
the margmt of the wound, open thoracotomy for extraction of a 
metallic foreign body from the lung or pleura U deferred until careful 
appraisal of the aituaboo can be made. When thoracotomy is necea* 
sfliy as a itep m the dAbndement of a penetrating wound, or when 
progressive intrapulmonary hemorrhage makes thoracotomy njanda- 
tory foreign bodies are removed at the tame time if the conditian of 
the patient permits. The information afforded by pre l i m in a ry x-ray 
films or fluoroscopy is of great value in the management of thoracic 
ctsuabiea 

Smooth-surfaced projecbiea, such at smaU-orm missiles;, or very 
small fragments of high explosive missiles become encysted and may 
remain In the pleura or lung without causing symptoms. L^rge, irreg 
ular or jagged fragments of high explosive missiles lodged m the pleura 
lead to empyema embedded in the substance of the lung, they may 
produce suppuration and hemorrhage, although these sequelae may 
be delayed for years. 

As facilities for radical thoracic surgery are not commonly avail- 
able in advanced casualty stations, the problem of the retained pro- 
jectile usually will bo encountered (1) after Infection has become 
established, (2) after active infection has subsided, (3) after h is 
spperent that Immediate Infection is not to bo reckoned with, or n 
localised to the thoraac wall 

After Infection Hat Become Srteblithod - — D ar i n g the acute 
phase of infection the foreign body la removed only if It is easily 
sccessibla during rib resection for em p yema or drainage of a lung 
sbicess. Otherwise treatment i» directed toward controlling the in- 
fection with chemotherapy supplemented by the drainage of local 
lied sites of pleural or pulmonary suppuration. 

A/ter Active Infection Has Subtidod - — If « chronic smus per 
fists, perpetuated by an Infected foreign body in the pleura, opwtra- 
tion 11 undertaken for its removal. Chronic suppuration around a 
pleural foreign body may esUblish internal drainage through a bron- 
chopleural fistula, CBusint repeated hemoptysis or purulent sputum. 
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local anesthesia Aspiration by needle is carried out through the 
interspace. The incision is then dusted with a sulfonamide and packed 
with gauze Further aspiration can be performed when required by 
removal of the gauze pack, which is replaced on completion of the 
procedure. (2) A 3 inch incision is made as above and trocar-catheter 
drainage established. The incision is dusted with a sulfonamide and 
packed open with gauze. If conditions permit a delay of six to twelve 
hours between making the incision and inserting the catheter, a pro- 
tective local inflammatory reaction may be produced by sulfonamide 
dusting and gauze packing during the interval 

Infected Hemothorax — Uninfected hemothorax not infrequently 
causes fever of low grade and leukocytosis Diagnosis of infecbon, as 
in empyema, depends on the demonstration of bacteria by smear or 
culture following thoracentesis 

The condition resulting from a collection of blood and fibrm m 
a pleural cavity infected by organisms of pathogenicity of low grade, 
if the infection is not perpetuated by suppuration of the lung or 
thoracic wall, or by a bronchial fistula, may be treated by thoracot- 
omy, thorough cleansing of the pleural cavity, local and systemic 
chemotherapy and primary closure Much time may be saved by 
this procedure If an effusion reaccumulates, aspiration and irriga- 
tion with saline solution may be tried Repeated accumulation of in- 
fected fluid requires drainage as for empyema 

Grossly infected hemothorax, with manifest signs of sepsis, is 
treated as other forms of empyema 

Chronic Empyema — The most frequent causes of chronic em- 
pyema are tuberculosis, inadequate or nondependent drainage, foreign 
bodies, bronchial fistula and undiscovered, unopened pus pockets If 
these causes are sought and the condition found is energetically 
treated, chronic nontuberculous empyema will be prevented 

The need for extensive operations (Schede, Keller) will be greatly 
diminished if empyema is treated correctly from the start and if, 
when healmg does not occur, the cause of the chronicity is promptly 
sought and appropriately treated Extensive thoracoplasty for chronic 
disease is not undertaken until simpler methods have been given a 
thorough trial (several months) and the patient has been evacuated 
from the combat zone See Chapter I, “Problems of Convalescence” 

FOREIGN BODIES 

Chest Wall 

Conditions resulting from retamed projectiles or other foreign 
bodies m the soft parts of the thoracic wall are managed accordmg 
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wordi, the fyinptom* and fign* which may indkato immediate treat 
mcnt are due to the wound of the heart and not to the foreign body 
hiell Furthermore, foreign bodlea free in either of the ventriclea are 
likely to be thrown out into the circulation tpcntaneouily and, if thi* 
doe* not occur aucfa an event can bo aided by placing the patient 
In n«~h a iv»*Ttiftri that gravity will aid m carrymg the body out of 
the heart. The »ub»equent procedure ia explained in the next para^ 
grapht. 

Forviin Body Enferin^ the> PericAidwm and Heart by Penetrat 
in^ tho Pencardhan . — Treatment » directed to the wound of the 
heart rather than to the foreign body with certain exception*. If 
operahoo li indicated by recurring tamponade or continued loa of 
blood, a* ii likely to be tho ca*e when a largo miiaile penetrate* the 
Wall of one of the cardiac chamber*, and if the foreign body I* readily 
ecceitible, it i* removed, especially if it ia so irregular m shape as to 
mafa* it probable that organic material (clothing) has been carried 
in whh it 

A small, smooth missile free In tiie cavity of the thick walled 
fefr ventnde may be difficult to paJpato and even more difficult to 
keep m a fixed poetloii for retnoval, 90 an attempt i* made by 
postural change* (under fluoroscopic control) to t hr o w it into the 
peripheral orculatton. If tins ts done, the carotid arteries, especially 
the left one, ibould be compressed until the foreign body has 
beyond the ardi of the aorta. The body may then be removed from a 
penpberal vemel more safely than from the heart. 

A foreign body free in the cavl^ of the nghi ventricle may in 
most instances be handled in the tame manner as one In the left 
Ventricle. Unless It is irregular or of exceptional sixo, posture is 
utilised to throw it mto the puhnonaiy circuit where it will be well 
tolerated. When operation is undertaken for the relief of tamponade 
or control of hemorrhage, an attempt is made to identify and remove 
the missile. Smce the wall of the right ventricle a not to 0 s 

that of the left ventnclo, palpation and ftMtinn of the body through 
the ventricular wall is less difficult 

Whether or not tho ml**no is removed, the patient is observed for 
the development of Infection m the peric ar dium and pleura and ap- 
propriate modifications of treatment are made for h* development 

Foreign Body Entering a Cardiac Chamber through Venom 
Channels (from a Peripheral Source mto the Right Ventricle and 
from a Palmooary Vein mto the Left Ventricle) — These bodies are 
reroly more than 1 to 1.5 cm. in diameter and may therefore be 
thrown into the pu lm o nar y or peripheral circulation, as the rvr e may 
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External drainage may never have been present or an external sinus 
may have closed spontaneously The treatment is thoracotomy, with 
extraction of the foreign body and drainage of the encapsulated 
empyema 

A foreign body in the substance of the lung may form the nucleus 
of an acute lung abscess Here again, indications for treatment are 
centered on the abscess, the presence of a foreign body points toward 
the necessity for external drainage rather than expectation of spon- 
taneous healing If infection of the lung subsides under rest and 
chemotherapy, and reaches a chronic phase, or if, after long residence 
in the lung, chronic bronchopulmonary infection develops m the 
region of the foreign body, resection of the irreparably damaged lobe 
or lobes may be preferable to dramage and extraction of the foreign 
body. This and similar decisions are matters for the consultation 
services and special facilities of a general hospital concerned with 
the ultimate disposition of casualties 

After It Is Apparent that Immediate Infection Is Not to Be 
Reckoned with, or Is Localized to the Thoracic Wall — Chemotherapy 
IS continued until healing of the thoracic wall has become complete 
and resorption of pleural blood and effusion has taken place. Repara- 
tive processes in a contused lung are recognized by clearing of x-ray 
opacities and return of normal ventilation 

Removal of large, irregular fragments of high explosive missiles 
from either pleura or lung may then be undertaken as an operation 
of election As in cases in which infection is present, lobectomy may 
be preferable to pneumonotomy, and again, decision may properly 
be deferred to hospitals concerned with discharge of men from active 
service and with rehabilitation 

In contrast to foreign bodies that have been aspirated, pene- 
trating missiles embedded in the lung cannot be removed by bron- 
choscopy If reasonable doubt exists regarding the origin or nature 
of a foreign body, bronchoscopy is indicated 

Pericardium and Heart 

In any discussion of foreign bodies m the heart it is important 
that distinction be made between those carried to one of the cardiac 
chambers by venous channels and those which have entered the heart 
by du-ect penetration The former group may give rise to few if any 
symptoms or signs referable to the heart and, in the latter group, 
the symptoms and signs m most instances will be due to damage 
caused by the penetration of the pericardium and heart rather than 
to the presence of the foreign body within those structures In other 
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removal a a iimple matter Infectioii of the fu»ed cartUages if diffi- 
cult to overcome it if especially important to avoid injury to them 
when operating in the pretence of infection- Thit warning apphet 
particularly to pencardioftomy for auppurative pericarditi*. Becaufe 
of tha danger tingle cartilaget (the fourth and fifth) are chosen for 
resection in draining the pericardium rather t han the fused cartilaget, 
as u frequently recommended. 

LUNG ABSCESS 

Eliokffiy 

Lung abscett follows infection of contuted and lacerated portJoni 
of lung. Atpiration abtcest occurt among debihtated men who have 
difficulty in iwallowing (woundt of the neck, tongue, mouth, jawt) 
among men who have lam uncootcknit in the field (head injuries) 
wnH among drunken or uncontciatit tttct who have aspirated vomitu*. 
Lung abtceitet may also follow immertion, particularly m sewage- 
contaminated waterv Immediate brtmchoscopic aspiraticn » em- 
ployed at a preventive measure when there it reaton to believe that 
vomitut or other foreign matter hat entered the air paiiages. 

Diagnosis 

Lung abtceti it charactenxed by rgnt and tymptomt of teptit, 
by cough, at first unproductive, then with sputum which is blood- 
tinged at flrtt and later if frankly purulent and fouL The region lur- 
rounding the abscess may be dull, breath toundt may be bronchial or 
(rarely) amphoric and accompamed by coarte, dry or moist rfiles. 
However the physical signs are so frequently not significant that tha 
diagnosis as well as the locallxatlon must be made by x ray Seda- 
tion end atropine are dangerout when ex pec to r a tion it copiout even 
codeine may stop exp ec to ration and cause aspiration pneumonia In 
weakened men, while atropine makes the sputum tenacious ttd dlf 
ficult to evacuate. 

Treatment In Acute Stage 

If the patient u toxemic, has e high temperat ur e or a spreading 
process is present, do not attempt etrenuous "poetural drainage" but 
let the man lie on his diseased tide. Tbit will diminish cough and 
splint the infected side, thus preventing spread and permitting the 
fever and toxidly to abate. The abscess usually wiH localize and form 
a cavity with a fluid level 

After the abKets has become localized, co mei v ative treatment 
with postural drainage a the rule for the first four to six weeks. 
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be, by posture. If this is not possible or advisable, treatment is con- 
servative until careful appraisal can be made. Unless operation is in- 
dicated for other reasons, a foreign body m the pericardium, cardiac 
wall, or cardiac chamber is left until maximal improvement in the 
patient’s general condition has occurred. The decision as to removal 
is then based on the severity of symptoms balanced against the prob- 
able danger of removal. It is certam that it is not necessary to remove 
all such foreign bodies even when they lie in a cardiac chamber If 
a foreign body is at first free in a cardiac chamber and later becomes 
fixed in position, it is not disturbed 

INFECTIONS OF THE THORACIC WALL 
Acute Infections 

Acute mfections of the thoracic wall, especially those due to gas- 
formmg organisms, are likely to spread with remarkable rapidity 
because of the extensive muscular and fascial planes of the pectoral 
and subscapular regions. The more serious infections follow wounds 
in which there is extensive destruction of tissue Careful debridement 
IS therefore important in the treatment of wounds of the thoracic 
wall Serious infections of the thoracic wall may also follow the m- 
judicious use of the aspirating needle m cases of limg abscess or 
putrid empyema 

Treatment — ^The treatment of such infections is wide mcision — 
slightly beyond the obvious linuts of mvolvement — excision of ne- 
crotic tissue, especially muscle, and local and systemic use of chemo- 
therapy and immunotherapy 

Chronic Infections 

Persistent drammg sinuses of the thoracic wall (excludmg the 
chronic granulomas such as tuberculosis and actmomycosis) usually 
mdicate a residual foreign body or infection of the ribs or costal 
cartilages Osteomyehtis may result when fractured nbs become in- 
fected m cases of compound mjury This is likely to occur when frag- 
ments of rib, imcovered by periosteum, are left in the mfected field 
The imcovered portions of rib sequestrate and act as foreign bodies 
The smuses will persist until these sequestra have been removed 
Infection of the ends of nbs may occur followmg nb resection for 
dramage of empyema, especially if portions of nb are left uncovered 
by penosteum 

Infection of a costal cartilage is likely to persist until the mfected 
cartilage has been removed When smgle carblages are involved, 
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the location and orteirt of injury to the heart and on whether or not 
there U free communication between the pencardial cavity and the 
pleural cavity or between the pericardial cavity and the outaide, 

HemopericnrdJura with Tamponade 

Cardiac tamponade occuri m iti naoit characteristic form when 
one of the chambers of the heart is penetrated by a missile that tra 
v erses that portion of the precordial space which is not covered by 
pleura. Blood rapidly fills the Inelastic pericardial sac. As this oc 
curs, the wound m the parietal pericardium is displaced from the 
prrpT«>«: jOTndlng opening in the thoracic wall and the blood is trapped 
withm the pencardtum. The pressure withm the pericardial sac soon 
becomes equal to the p ressure m the great veins and the circulation 
tempo rar ily approaches a standstill. As the venous pressure rises 
blood enters the heart in small quantities, thus temporarily main- 
taining the arculadon, but at a low level of efficiency While death 
may ensue rapidly such patient* frequently survive for a consider 
able time if given proper conservative treatment If the wound in the 
wall of the heart is small, h may become sealed off during the period 
of circulatory collapse. It is for this reason that pericardicentesia is 
recommended when cardiac tamponade is not complicated by bleed- 
ing mto tl» pleural cavity If the intrapericardial preesure is re- 
duced by pencardiceotettt and remains low as indicated by recovery 
of arterial blood pressure and reduction of abnormally high venous 
pre ssu re, one may conclude that the bleeding has stopped and that 
conser v a tive treatment should be contmoed. 

The signs and sym p toms of cardiac tamponade are circulatory 
collapse, out of propor ti on to evident loss of blood low systolic pres- 
sure, low pulse pressure high venous pressure (distended external 
Jugular veins) pulse rate (if pulse U palpable) slow in relation to 
systolic blood p r es sure, distant, muffied heart sounds, paradoxical 
pulse (weaker on insplratian) end apparently munoblle cardiac 
shadow on ftucroacopy 

.First Aid TmUment , — This consists in complete rest admin 
istration of morphine in required dose and of atropine, grain 
(0JD0132 gm.) If poncardicentesia b not satisfactory or if the peri- 
cardnim refills promptly Immediate operation is indicated. 

Subsequent Treatinerif. — Postoperatively, oxygen therapy is ad 
vuable. Tamponade may recur from serous effusion or because of in- 
fection. Serous effusion ts treated by aspirattevrepeated if neces- 
sary Infection demands early poncsudiostonjy ^ 
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Operation is indicated only for localized abscess. Before operation is 
attempted the abscess must be very carefully localized by x-ray films, 
fluoroscopy and, if necessary, bronchoscopy. Do not aspirate until 
the pleura has been exposed at operation 

MASSIVE HEMORRHAGE INTO THE SUBFASCIAL SPACES 
OF THE THORACIC WALL 

Diagnosis 

The subfascial spaces of the thoracic wall, particularly those of the 
subpectoral and subscapular regions, are so extensive that a massive, 
dissectmg hemorrhage from a wounded artery may cause exsanguina- 
tion When rapid swelling, with fluctuation and dulness on percussion, 
follows an injury m one of these regions, steps are taken to control 
the bleedmg 

Treatment 

A compressing elastic dressing (marme or rubber sponge if 
available) is applied immediately and the man treated for hemor- 
rhage. Usually a firm pressure dressmg controls the hemorrhage and, 
as intervention is both difficult and hazardous, every effort is made 
to avoid open operation 

With continuing hemorrhage, especially from the axillary artery, 
the vessel may be exposed and both proximal and distal ends ligated 
Incision and dissection for this purpose are kept minimal to avoid 
damage to collateral vessels If the axillary artery is ligated the con- 
comitant vein IS ligated and the sympathetic fibers to the arm are 
blocked with procaine 

WOUNDS OF THE HEART 

Types 

Wounds of the heart may result m external hemorrhage or hemor- 
rhage into the pleural cavity, or blood may be trapped m the peri- 
cardium. If blood IS able to pass out of the pericardium as rapidly 
as It flows from the heart, there is no evidence of cardiac compres- 
sion and the symptoms and signs are those of hemorrhage alone 
When blood is forced mto the pericardial sac more rapidly than it 
can dram out, as is the rule when one of the ventricles is mjured, the 
s3nnptoms and signs of cardiac tamponade (compression) are added 
to signs of hemorrhage When the lung is also mjured, there may be 
both air and blood m the pericardium as well as m the pleural cavity 
The symptoms, signs, treatment, and prognosis therefore depend on 



CHAPTER IV 


OPERATIVE SURGERY 


AUTOTRANSFUSION OR REINFUSION OF CITRATED 
BLOOD 

IF trsnsfunon n Itnperativo and blood or a latitfactoiy lubrtituto 
canoot bo procured« auto Ira mfusioo may bo mdicatod, although tha 
procoduro is not without risk and never should be employed when 
ftenhty of the fluid u quecdonable. 

Technic 

Blood can be removed from the pleural cavity by aspiration with 
a CMTodle, by trocar and catheter or in the event of thoracotomy by 
a suctiofl tube. If the last menticmed method of collecting the blood 
b \tfed, the taction tube b flushed out with a 2A per cent eolution of 
■odhtm citrats preliminary to, and at mtervab duimg, removal of the 
blood. The fina l mixture must contain at least 02S per cent eodium 
citrate and any large of aodnim citrate must be avoided. Blood 

and sodium dtrate are gently mixed during the aspiration, filtered 
through at least twelve layers of fine mesh gause, then promptly 
remfused under ttenle precauttom. 

BRONCHOSCOPY AND TRACHEAL INTUBATION 

Bronchoscopy requires a speciallxed technic and usually will be 
assigned to specialists familiar with hi performance. 

Intubation of the tradiea, in order to aspirate blood snfj secre- 
tions from the lower air passages, may be a Ufe-savmg me asur e imH 
can be done by any surgeon after anesthetuation of the tar y nT, which 
ts essential. 

If the fmtient can be placed in a sitting positian and mo bo made 
to pull out bn tongue by grasping it with a piece of gaure held be- 
tween the thum b and forefinger anesthesia can be accomplished by 
•praying the throat with an atomiser containing 2 cc. of one of the 
foUowmg (1) pontocaine 2 per cent, (2) cocaine hydrochloride 10 
per cent, (3) metycaine 5 per cent, or (4) procaine hydrochloride 
257 
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Hemopericardmm with Tamponade Plus Massive Hemothorax 

This combination of findings indicates a particularly serious situ- 
ation, for the occurrence of tamponade, even though blood is escap- 
ing mto the pleural cavity, almost certainly means that there is a 
large wound of one of the ventricles Patients with such injuries 
rarely survive to reach a first-aid station The diagnosis is not espe- 
cially difficult, for no other condition gives acute cardiac compres- 
sion and massive hemothorax The only chance of savmg such a pa- 
tient IS by immediate transpleural thoracotomy with cardiorrhaphy 
Even though the prognosis is extremely grave, operation may be un- 
dertaken if circumstances permit 

Hemopneumopencardmm 

Occasionally, when a missile penetrates both the lung and the 
pericardium, air and blood are demonstrable in the pericardial cav- 
ity as well as in the pleural cavity This findmg is significant, for 
when one of the cardiac chambers is penetrated, the pericardial cavity 
rapidly fills with blood, and air is thereby excluded Therefore, the 
presence of both blood and air in the pericardium mdicates a tangen- 
tial woimd involving the pericardium and wall of the heart The con- 
dition IS suggested by a splashing or churning sound heard over the 
precordium and synchronous with the heart beat X-ray films made 
with the patient in the upright or lateral recumbent position confirm 
the diagnosis 

First-Aid Treatment — If bleeding is only slight, conservative 
treatment is indicated If there is a large collection of blood m the 
pleural cavity it is removed by aspiration with a needle. If the bleed- 
ing IS from a small cardiac wound or a coronary vessel of medium 
size, transfusion may tide the patient over until he can be transferred 
to a hospital with facilities for major surgery 

Subsequent Treatment — If there is no reaccumulation of blood 
followmg aspiration, conservative treatment is continued If bleeding 
persists or recurs, transfusion and operation should be performed im- 
mediately under positive pressure anesthesia Since the pleural cavity 
already has been penetrated, the heart is exposed by a long mcision 
through the fourth or fifth mterspace and the wound or wounds of 
the heart are repaired 
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remains artfl iminedjAtft operedon ii performed. See Chapter 
TTT “Mixed Infection Empyema" (p. 247) 

When a free flow of blood i* obtained m aspiration of hemothorax, 
and it is desired to mnmtnln collapse of the lung by pneumothorax, 
(1) a second needle may bo inserted to admit air as blood is with- 
drawn, (2) air may be injected with the tame lynnge, SO cc. after 
each SO cc. of blood has been aspirated or (3) the trocar-catheter 
method may be employed. 

In aspiration of fluid from the pleural cavity without replace- 
ment of air it is inadvisable to remove more than 600 cc. at a single 
sitting as expansion of the compressed lung provolces pulmonary 
edema. 

PERICARDICENTESIS 

Pencardicenteats may be used at a diagnostic procedure if tuber 
culous pericarditis or suppurative pencsrditis is suspected. It is used 
as a therapeutic measure for relief of acute or subacute cardiac com 
pression from hemorrhage or effutton. It has no place in the treatment 
of acute suppurative pencardltis other than to grve temporary rebel 
from p re ssur e. The tn s erti oo of a needle into the penccrdlum is not 
without danger for there Is always the possibility of injuring an im- 
portant coronary artery* in the pres e nce of suppurative pencardltis, 
if the needle it passed through the pleura or peritoneum as well as 
the pericardial sac, coatamlnntloD results. In cases of traumatic 
bemopericardium, a s pir a tion of blood may temporanly rebeve cir 
culatory collapise and give tune for proper preparation for operation. 
In tome instances, hemorrhage will not recur and aspnrabon will give 
permanent relief. 

The two commonly used routes for pencardicentetis are the left 
costoxipboid and the left parasternal routes the latter is used more 
frequently than the former The left parasternal route U reasonably 
Satisfactory when there is a large amount of fluid In the pericardial 
sac and no adbesicms b e t wee n the anterior pericardium and epicar 
dium. However since fluid tends to collect posterior to the h ear t , the 
sntonor approach may result m a dry tap and, even more serious, 
injury to a coronaiy arte ry Also, in a small percentage of mdividusli 
there is no bore space to the left of the sternum, in which case the 
needle traverses the free pleura before entering the pencardium. 

Left Parasternal Rotrte 

After local infiltration with 1 per cent procaine the needle 9 m- 
serted through a knife puncture of the skin at a pemt 3 cm. lateral 
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20 per cent Whichever of the foregoing agents is used, the atomizer 
also should contain 1 cc of epinephrine 1 1000. The tongue is kept 
forward for a few minutes after spraying, the anesthetic agent, mixed 
with pharyngeal secretions will run down into the larynx. Spraymg 
IS repeated three times at intervals of three mmutes 

Anesthesia can be more easily and quickly attained by first spray- 
ing the throat, then, with the aid of a laryngeal mirror, swabbing the 
glottis and vocal cords two or three times with a curve-handled brush 
wet with the same pontocaine (or cocaine, metycaine or procaine) 
epinephrme solution. 

A semirigid, red rubber tube, curved at an angle of 60 degrees and 
with one end beveled so that the long end of the slant lies on the 
concavity of the curve, finds its own way into the glottis if the tongue 
IS held forward If there is any difficulty in mtroducing the tube it 
can be guided into the glottis with the left index finger Its mtro- 
duction provokes cough, with each cough strong suction is made 
Aspirated vomitus, blood and secretions can be removed m this way, 
or an ordinary number 20 F rubber urethral catheter can be guided 
into the anesthetized larynx and used for suction 

THORACENTESIS 

Thoracentesis is ordinarily done only after x-ray films have been 
made, exceptions bemg emergency puncture for relief of pressure 
pneumothorax, and for removal of blood from the pleural cavity 
Thoracentesis is done for (a) diagnosis, (b) aspiration of contents 
of pleural cavity (air, serous effusion, blood, pus), (c) mjection of 
air 

Thoracentesis is not permissible m treatment of febrile, cough- 
ing men, especially those with foul, purulent sputum, unless good evi- 
dence exists (x-ray and physical signs) that considerable pleural flmd 
IS present at the site of puncture To puncture the lung of a man who 
IS coughmg and expectoratmg foul sputum is dangerous and may 
cause empyema if it was not present before or, even more serious, a 
dissectmg phlegmon of the thoracic wall Puncture is made with the 
man lying close to the edge of the bed or operatmg table With a fine 
(24 gauge) hypodermic needle, 1 per cent procame is mjected mto 
the skm and mtercostal space Exploration is done with a 19 or 18 
gauge needle and a small syrmge A large syrmge impairs the tactile 
sense The needle is mtroduced at right angles to the thoracic wall 
and the plunger then is slightly withdrawn. With this precaution, 
and by movmg the needle slowly and gently forward, it is possible 
to judge the depth of the layer of fluid If foul pus is obtamed, the 



OPERATIVB SURGERY 


261 


vmmlly at a depth of from 6 to 8 cm. The cortcodpboid route is recom 
mended because there is httle chance of contaminating the pleura 
and there are no large coronary arteries near the pomt of entrance 
into the pericardium (Figs. 2 end 3) 



fit. 3.--Pwkwdlcwt*«t* br tb* cottoxlpboid rowu. Tb* o**dl» b «t m 

•nals appf OJ dmat<fy 45 d*sr«M te tb* •bdecoiosl wbB. 

ARTIFiaAL PNEUMOTHORAX 

Place the patient recumbent or on the sound tide with the arm 
elevated, hand in back of bead If there u no special reason for choos' 
ing another site, inhltrate the akin and soft parts over the filth or 
tncth Int er costal space, in the mldaxillary Itnw , with 1 per cent pro' 
Caine solution, usmg a fine hypodermic needle. Change to a 19 gauge 
needle and mject more procaine until the pleura has been penetrated 
Remove the syringe, cover the needle with sterile gause and allow a 
■mall amount of air to enter then connect the needle to the manom- 
eter Wide fluctuation of the fluid In the manomet e r tube, with neg 
ative p reasor e readings on normal inspiration and expiration, indl 
catea that the needle is in the pleural cavity Connect the needle to 
the pneumothorax apparatus and introduce 100 cc. of air; then check 
the manometer pre ss ure and respiratory excursions. If the patient 
c anno t he on his good side because of respiratory dktresa, place hlTn 
m the dorsal recumbent position and introduce air into the second 
or third mtercoatal space, 5 cm. lateral to the sternal border 

If air a mtroduced to replace bloody exudate, SO cc of air may 
be injected with a hand syrmge for each 50 cc of fluid withdrawn, 
or preferably air a allowed to flow in through a needle Inserted an- 
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to the left sternal border, just above the sixth costal cartilage Sue 
tion IS applied and the needle is advanced cautiously until fluid is 
obtained, or until cardiac pulsations are detected against the point 
of the needle. If fluid is not obtained, the syringe is disconnected and 
a stilet IS passed through the needle to be sure it is not plugged with 
tissue 

Costoxiphoid Route 

When the costoxiphoid route is used, a 10 cm needle is neces- 
sary. After local infiltration the needle is inserted m the angle be- 



pjg 2 ^Pencardicentesis by the costoxiphoid route The needle is directed 

upward, backward, and very slightly to the ngbt, to avoid the coronary vessels 
in the posterior longitudinal sulcus 

tween the xiphoid process and the left costal margm and is passed 
upward and backward at an angle of 45 degrees to the abdommal 
wall The posterior inferior portion of the pericardial sac is entered. 
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Into the chert it will not dram properly It is fixed m place by a 
suture which is passed through the ed£e of the wound* then throu^ 
the side of the catheter or through a rubber collar made by cutting 
a short segment from the open end of the catheter It is also anchored 
by strips of flamed adhesive tape, but dependence should not be 
placed on adhesive tape alone. The parts of the apparatus repre- 
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FiC> 4 — lotarcoctal tro c*f *<sgpqJ*-<*tlftT dr*ln*c*> Note thst tbe trocar 
te toMTted Immedictsly ebore the rib marfln in order to ^ofcl the Intercoetel 


•ented In Figure 6 should be cmigly fitting so that the miij of the 
tube which extends beneath the surface of the water does not himg 
loosely The apparatus, and the measured amount of water ■KryniH 
be sterile. The occluding clamp on the catheter ts then removed. The 
contents of the bottle which r eceives the drainage are saved for m- 
•P®ction end measured. The drainage tube is clamped while the con- 
tents of this bottle are being dispoeed of The bottle la placed on the 
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tenorly while the blood is aspirated through another needle inserted 
posterolaterally. The intrapleural pressure is checked and regulated 
before withdrawing the needle 

CATHETER DRAINAGE (INTERCOSTAL DRAINAGE) 

This may be done at the conclusion of thoracotomy, or as an in- 
dependent procedure for evacuation of blood from a hemothorax, or 
for airtight dramage of an empyema cavity 

Drainage at the End of Thoracotomy 

In selectmg a site for catheter dramage at the conclusion of thor- 
acotomy, due allowance is made for the rise m the diaphragm that 
occurs m the postoperative period- The two sites for optimal dram- 
age are the eighth mtercostal space m the midscapular Ime and the 
fourth or fifth mtercostal space m the anterior axillary Ime 

A short mcision m the skm allows a hemostat to pierce the mter- 
costal muscles and grasp the butt end of the catheter that is pre- 
sented through the major thoracotomy mcision 

Trocar-Catheter Drainage 

The trocar and catheter are tested, the sheath must take the 
catheter easily If the end of the catheter flares it is cut off so that 
the sheath can be drawn over it. Aspiration by needle, to prove the 
presence of flmd at the site chosen for dramage immediately pre- 
cedes insertion of a trocar The chest is ordmanly dramed m the 
seventh or eighth mterspace, m the posterior axillary Ime, if the site 
chosen lies too far back, the man will occlude the catheter by lying 
on it. The thoracic wall at the site of the puncture is anesthetized 
with procame and incised with a pomted scalpel for a distance of 
1 to 1 5 cm., so that it will not be necessary to use too great pressure 
m mtroducmg the trocar and cannula. In order to avoid the mter- 
costal vessels and nerves, the trocar is mserted across the upper bor- 
der of a nb, not across the lower border (Fig 4) The trocar is with- 
drawn and a number 18 or 20 F catheter, with two eyes near the 
tip, is rapidly inserted through the caimula (Fig 5), which is then 
withdrawn The catheter is kept closed by a clamp dunng the pro- 
cedure A mark is made on the catheter before it is mserted, so that 
the distance which it projects mto the pleural cavity can be deter- 
mined. The catheter can then be adjusted so that the most proximal 
openmg is near the pleural surface If the catheter projects too far 
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to Mcape then it ** opened at mtervali of from one to two 
hoim for further drainage The catheter a removed at the end of tix 
boon. When u»ed for treatment of empyema, the catheter » not re- 
moved until the lung hai become completely reexpanded and the 
empyema cavity ha» been oblrterated. 


tr 



ELEVATION OF CAVED IN (CRUSHED) RIB CAGE 
With Towel CUpa 

When a mechanical reaptmtor la unavailable, thu or a timdar 
procedure may Ise mdicated. Infiltrate the tlcm and soft parts with 
1 per cent solution of procame above and below the third and fifth 
ribs, 3 cm. lateral to the sternal border Small incisloni are made in 
the skm and an open towel clip is applied to that the costal cartilago 
is grasped between its Jaws one clip i* placed around the third pnrl 
one around the fifth cartilage. Attach the towel clipe by wire or heavy 
cord to 5 iwund (about 2S kg.) weights, runnmg the cord or wire 
over a pulley suspended from an overhead frame, or use short 
handled clips and attach them to a plaster jacket by robber KanH* 
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floor beside the bed and must at no time be raised to the level of the 
bed Sufficient difference in level is thus mamtained to make it im- 
possible for the patient to aspirate the contents of the bottle back 
into the chest, even by the deepest inspiration 

When used for evacuation of sterile hemothorax, this method has 
the advantage of not forcibly expanding the lung (as aspiration with 
a large syringe or Potain apparatus does), and inviting a recurrence 



Pig 5 — Intercostal trocar-cannula-catheter drainage The mark on the cathe- 
ter IS used to determine the distance which the catheter projects into the pleural 
cavity 


of hemorrhage, yet it drains the chest more nearly completely and 
contmuously than aspiration by needle Excludmg air from the chest 
decreases the chance of secondary infection If, however, reexpansion 
of the lung is likely to cause recurrence of bleedmg, air may be 
allowed to enter as the fluid escapes by allowing the tube to hang 
free in the contamer above the surface of the sterile water When the 
latter procedure is used, the tube is clamped shortly after the fluid 



OPERATIVE SURGERY 


2(57 


another mdiioa m the ilcm. If available it will be tafer to um an 
eneurytm needle. The empty needle li paned aroxmd the rib or car 
tilaee> then threaded with the wire and withdrawn. One wire is paiMd 
around the thnd and one around the fifth cartilage. Twist or tie each 
pair of wirei around a epreader made of three tongue bladea faatened 
together with adhesive tape attach a cord or wne to the tpreader 
and use a 5 pound (about 2.5 kg.) weight for tractum applied over a 
pulloy luspended from an overhead frame (Fig. 7) or attach the 
wire to a platter jacket 

A mechanical respirator if avaflable, may be of great atsittance 
m the management of patients with extensive mobllixatlon of the 
thoracic wall 

UGATION OF AN INTERCOSTAL ARTERY 


In choosing the site of indtlon, account will be taken of the 
courae of the projectilo more frequently bleeding will occur at the 



point of entry into the chest, less frequently at the exit* bemoahage 
is more likely to be tenous from wounds of the pottenor portiont of 
^ Intercostal arteries than from the anterior portions. 
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If a plaster jacket is used it must be padded so that at least 6 mches 
(15 cm ) separate it from the anterior thoracic wall 

With Pericostal Sutures 

Anesthetize the soft parts adjacent to the nbs as described in 
the precedmg paragraph Make small incisions in the skm at least 





kl/ 


Pjg 7 Overhead traction applied directly to the costal cartilages or sternum 

by pencostal wire sutures in a case of severe crushing injury, with paradoxical 
respiration. If it is necessary to transport the patient, the wires can be attached 
to a plaster cast by rubber bands The weights shown in the drawing represent 
5 pounds (about 2 5 kg ) The spreader mentioned in the text is not shown 


3 cm from the sternal border and mtroduce a heavy, full curved 
needle armed with 12 mches (30 5 cm ) of heavy, stamless steel or 
silver wire Pass the needle around the costal cartilage, keeping the 
omt of the needle close to the cartilage, then bring it out through 
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(toother incmon m the tkm. If available it will be tafer to use an 
tneuryim needle. The empty needle ii patted around the rib or car 
tilage, then threaded with the wire and withdrawn. One wire u patted 
around the third and one around the fifth cartilage. Twitt or tie each 
pair of wire* around a spreader made of three tongue blades fattened 
together with adhetive tape attach a cord or wire to the spreader 
and use a 5 poimd (about 2.S kg.) weight for traction apiphed over a 
pulley suspended from an overhead frame (Fig. 7), or attach the 
wire to a platter jacket 

A mechanical retpirator If available, may be of great atstttance 
In the management of patients with extentive roobllixetion of the 
thoracic walL 

LIGATION OF AN INTERCOSTAL ARTERY 


In chootmg the site of incitlon, account will be taken of the 
course of the projectile more frequently bleeding will occur at the 



point of entry into the chett, lest frequently at the exit; hemorrhage 
^noro likely to be serious from wounds of the postenor portions of 
intercottal arteries than fr o m the anterior portions. 
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Debridement is performed through an adequate incision The ves- 
sel lies for the most part beneath the lower edge of the nb, therefore, 
if it cannot otherwise be satisfactorily exposed, 2 to 3 cm of the rib 
IS resected (Fig 8) 

PERICOSTAL SUTURE FOR HEMORRHAGE FROM 
INTERCOSTAL ARTERY 

Under especially urgent circumstances, or when facilities for nb 
resection are not at hand, hemorrhage from an intercostal vessel can 
be controlled by encircling the nb with two ligatures of catgut; one 
proximal, the other distal to the site of mjury Nonabsorbable suture 
material should not be used Compression of the artery between the 
ligature and the nb will usually control hemorrhage (Fig 8) 


LIGATION OF THE INTERNAL MAMMARY ARTERY 


An incision is made over a cartilage adjacent to the wound, ex- 
tending from the sternal border laterally for a distance of 6 or 7 cm 



„ g relation of the internal mammary arteries to the sternum The 

^ of the heart and great vessels of the mediastmnm, in the anteroposterior 

Erection, are also shown- 
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About 3 to 4 cm, of the medial end of the cartilaue xm excited, thus 
expoelflg the internal mammary vessels lying about 1 cm, lateral to 
tbe ttemal border They are hgated above and below the site of 
Injury for owmg to its anaxtomoxit with the mfenor epigastric artery 
and the lower intercostal arteries, both ends of a mammary artery 
bleed freely A suction tip then can bo inserted through the opening 
in tbe pleura end the blood aspirated. Some of the relations of the 
artery are r epr esented m Figure 9 

RIB RESECTION AND DRAINAGE FOR EMPYEMA 
OF PLEURA 

Rib Resection and Drainage with a Rubber Tube 

The the must depend on locallxation of the pus and confirmatory 
thoTBcentesis is p erf or m ed as the first step. Solution of procaine, 1 
per cent, is injected into the ■IHn and soft tissues overlying the rib 
and tbe tldn ts Incised for about 8 to 10 cm. The muscles end inter 



Elf. 10 Bl«T«tlaii of tb« porio^f l ii n prsUmlaory to rib roMCtlaiiL 

costal spaces above and below the rib are then infiltrated with the 
•nesthebc solution and the muscles are divided throughout tbe ex 
tent of the tldn mci sion. Tbe external penosteura is incised longi- 
halmally tben transversely at each end, and separated from tbe rib 
by a raspatory (Fig, 10) Tbe upper border is cleaned by working 
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from behind forward, the lower border in the reverse direction The 
internal periosteum is separated from the rib by a curved elevator 
and the rib divided by rib shears Unless all of the rib from which 
the periosteum has been separated is resected, sequestra may form 
and cause prolonged drainage The internal periosteum and parietal 
pleura are incised in line with the long axis of the rib and a soft rub- 
ber drainage tube of large caliber is inserted The end of the tube is 
beveled and a window is cut opposite the bevel A safety pm is passed 
through the tube at such a distance as to place the window only a 
short distance within the pleural cavity The tube is securely an- 
chored by suturing it to one edge of the incision (Fig 11) 



Pjg 11 — Method of obtaining temporary closed (water-sealed) drainage of 
the pleural cavity after nb resection Note that the internal periosteum and 
pleura are closed snugly around the tube and that the tube is firmly fixed in place 
by crossing the ends of the sutures around it 

Small empyema cavities, with strong adhesions between lung and 
thoracic wall, may be completely evacuated of their contents on the 
operatmg table Open drainage of larger cavities, however, m spite 
of the encapsulation, may produce a suckmg wound that leads to 
respiratory embarrassment To avoid this complication, and also to 
reduce the number of postoperative dressmgs, to economize on gauze 
and to mmimize the contammation of bed linen, it is recommended 
that the free end of the tube be connected with a long, sterile tube of 
equal caliber and carried over the edge of the bed to a water-seal 
bottle, as IS employed for airtight catheter dramage 
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Rib Resection and Drainage with a Skin Flap 

This method ha» proved eipecxallj \*aluable under war condi 
Once eitablifhed, it demand* no further attention, there fire no 
tube* to drop out or, wct« to drop mto the chest and be forgotten. 
If the operabon is properlj done the mdsion will not close until the 
long ha* expended to meet h. 



12.— A, B, ftixl C, S uciTwti rw ittp* fn tb* operation to prorld* of cn 

■ mp y t tna carity by omMih of a tUo flcik 


With the man seated acrocs the table, or senureclmin^ a U 
*h*ped flap of skin and tubcutl* is outlined. It* base is to 2 
(about to 5 cm.) wide and lie* along the line of the rib to 
be re*ected, usoally the eighth, r e se ction a in the posterior axillary 
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line The sides of the flap are 2 or 3 inches (about 5 or 7 5 cm.) long, 
shorter for thin men, longer for fat ones Procaine is injected mto the 
skm and subcutis, the flap is cut and lifted with a towel clip (Fig 
12, A). The flap includes skm and subcutis only — not the muscle. 
Two sutures of chromic gut are put through its comers, each armed 
with a small curved needle with a cutting edge Procame is mjected 
into the soft parts and mtercostal spaces and 2 inches (about 5 cm ) 
of rib are resected, as described in the preceding paragraph The 
pleura is incised The chromic sutures of the flap are passed through 
the pleura By tying them the skin flap is tucked mto the chest and 
held agamst the pleura (Fig 12, B) The comers of the U-shaped 
defect m the skm are approximated with sutures so that the U is 
converted mto a narrow, transverse slit (Fig 12, C) A dressing of a 
large mass of vaseline, some 30 to 50 cc, is laid over the wound 
and held m place by a bandage The outer dressing may be changed 
but the mner one remains for four to five days The flap acts as a 
valve The contents of the chest escape, it is difficult for air to enter 
and the lung expands rapidly Should the flap swell at first, it may 
be lifted with a tongue blade every day or two, m order to let the 
contents of the empyema cavity escape After a few dressmgs the 
discharge becomes serous and rapidly diminishes m amount When 
the limg has expanded it meets the tip of the flap and the wound 
is converted mto a small funnel m the soft parts of the chest 

THORACOTOMY FOR PENETRATING WOUNDS 

Anesthesia (see Chapter I, “Anesthesia” [p 222]) 

While operations of short duration can be performed without 
differential pressure anesthesia under emergency conditions, the 
forceful movements of the mediastinum, combmed with progressive 
asphyxia, offer a serious handicap to the surgeon Differential pres- 
sure IS reqmsite for accurate appraisal of the mjury and an operation 
of precision It can be obtamed by a tightly fitting face mask or, 
preferably, by an mtratracheal tube The advantage of tracheal 
mtubation lies m ( 1 ) the impossibility of the patient makmg violent 
respiratory efforts agamst a closed glottis, (2) the certainty that a 
stream of oxygen will reach the lung durmg periods of cessation of 
respiration, (3) the mamtenance of a free air-way by aspiration of 
blood and mucus. The statement that tracheal mtubation is to be 
avoided because it causes contammation of the lower air passages 
may be discoimted- 

Procame block of mtercostal nerves and subpleural perihilar 
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infiltration with procaine contribute to nmooth anertheria and block 
tbe cough reflex. 

Incision 

Wound! of entrance and exit are excued and fragment* of riba 
and other foreign bodies are removed. Deep structure* are approxi- 
mated to give airtight cloture of the pleural cavity The tuperficial 
portion of a wound i* packed open following local apphcation of a 
sulfonamide. Gauze used for packing n anchored to the skin margin 
to pr event retraction into the pleural cavity 

A separate site u chosen for the thoracotomy incision unless tbe 
mjmy of the thoracic wall is so extensive and so placed that ample 
exposure for the necessary mtrathoraac procedure* is obtained at 
the time of debridement of the thoracic wall. 

Incistoni for exposure of the lung are placed parallel with tbe 
course of the ribs and are either an/oro/aferaJ or poiierolatcral The 
c h o ice depends on the region for which roost direct exposure is de- 
tirsble onch to some extent, on the condition of the patient Which 
ever memon is elected, its length and proper placement determine 
the exposure that a obtained more tlun this ts determined by the 
number of rib* resected or divided. Division of rib* is kept at a 
niiahnutn In order to avoid undue cripplmg of respir a tory move- 
ments in the p ostoper ati ve period. Tbe so-called trapdoor masion 
•bll pxturod m textbooks is not recommended as it affords minimal 
expuiiiie whh maximal damage to the tboraac waU. 

An/ero/a/era/ Inawon. — An anterolateral approach is useful for 
letkms Involving the upper lobe of the lung or tbe superior medias- 
tinum. It affords a direct approach to tbe superior pulmonary vein 
Slid to the pulmonary artery 

The patent is placed m the dorsal recumbent position, with the 
"''^sindod tide sufficiently elevated to allow the indsion to be ex 
te Ikied to the posterior axillary Ime. This position itself may bo so 
“dvantageoui to patients with labored respiration, or with mjuries 
to tbe opposite side of tbe thorax, that this will determine use of the 
•ntenor approach. 

The incitkm » placed at the level of tbe third mterspace and 
fiends laterally from the margin of •tfio sternum to the midaxlllary 
“oe. The axillary border of the pectoraln major muscle is identified 
“d retracted uprward and medially To reach the costal cartilage 
lower portion of the muscle is divided transversely Digitations 
° the serrstus anterior muscle are separated in the direction of 
fibers m exposure of an mterspace low m tbe nvilla Extension of 
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the incision to require division of the long thoracic nerve is rarely 
necessary 

The intercostal muscles of the third interspace are divided and 
the pleura is incised Additional exposure can be obtained by divid- 
ing one or both adjacent costal cartilages 

Posterolateral Incision — A posterolateral incision is best for ex- 
posure of the lower lobe of the lung and the posterior mediastmum 
It affords direct access to the inferior pulmonary vem and the stem 
bronchus By retracting the upper lobe downward and backward, 
the pulmonary artery and superior pulmonary vein are readily acces- 
sible Total pneumonectomy can be performed through either this 
or the anterolateral incision The patient is placed on his sound side, 
with a blanket roll extending from the axilla to the costal margin. 
Care must be taken to avoid weight bearing on the pomt of the 
shoulder which is down Strapping is employed to anchor the patient 
firmly in a true lateral position, as difficulty will be encountered if 
he tends to rotate forward on his face The arm is extended upward. 

The incision follows the line of the sixth rib, curvmg beneath the 
mferior angle of the scapula It starts 2 inches (about 5 cm) from 
the spmous process of the vertebra and extends to the anterior axil- 
lary Ime The latissimus dorsi muscle is divided transversely, as is 
the lower segment of the serratus anterior, that finds its msertion in 
the lower angle of the scapula Lower fibers of the rhomboid and 
trapezius are divided near the spinal column 

After the ribs have been exposed, a check is made to identify 
the sixth In counting from below it is helpful to refer to the x-ray 
film to determme whether a palpable twelfth rib is present 

The erector spmae muscle group is mobilized by dividmg ten- 
dinous insertions on the fifth, sixth and seventh ribs This muscle is 
not divided transversely but retracted toward the midlme, so that it 
will be available in closure. 

Subperiosteal resection of the sixth rib is then carried out from 
the level of the transverse process of the vertebra to the midaxiUary 
line The posterior layer of periosteum and pleura is incised to gam 
access to the pleural cavity For greater exposure, the incision can be 
carried forward by extending it in the intercostal space above the 
divided nb Further exposure, posteriorly, can be obtamed by re- 
sectmg 1 inch (about 2 5 cm ) segments of adjacent ribs just pos- 
terior to the angles Intercostal muscle bundles, nerves and arteries 

are divided. 

The posterolateral incision can be carried through an mtercostal 
space without nb resection Rib resection is recommended not only 
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foe expoturt but for greater accuracy of pleural Birproximatioa in 
clocure. 

Cfocuro of Indthru — An intercoital inci*ion u doted by heavy 
pericostfll tirturet, as the divided mtercottal musclet do not provide 
firm anchorage A posterolateral incrnon, with nb retection, is closed 
by suture of pleura periosteum and intercostal muscle* m the bed 
of the rib. The erector spmae muscle bimdle is then brought forward 
and sutured to intercostal muscles. 

Forceful approximation of the incttion is necessary during suture. 
If a special instrument is not available two sharp-clawed retractors 
are used to grasp adjacent ribs and pull them together A bone-bold 
hig forceps with ratchet lock can be adapted to this purpose. 

The divided muscles of the thoracic wall are accurately sutured 
with attention to the axis of their fibers. The oblique course, particu- 
larly of the latissimus dorsi, produces irregular retraction of the 
dmded muscle bundles. 

Traumallc lAslona of Lung 

As the retractor is sp r e ad , the anesthetist adjusts the differential 
pteuure so that the lung does not bulge into the inciakm but fella 
somewhat away from the thoracic wall The pleural cavity is emptied 
of blood, clot* are removed with the hand or forcepe. Active bleed 
tag from the hilar region Is Immediately controlled by manual com- 
prewKin until a hemostat can be placed with precision, or a hemo- 
static suture can be accurately placed without damage to neighboring 
structure*. 

normal lung inSatea and deflates as the anesthetist varies the 
intratracheal pre sim e by compressing the gas bag of the anesthesia 
apparatus. An atelectatic portion of lung Is contracted, flaccid, deep 
red and hat sharp margins. Contused lung (hematoma) appears 
plump, firm, and the margins of the fissures are rounded due to dis- 
tention with alveolar blood. 

Lung tmue is fragile and easily tom it should not be grasped by 
forceps, but gently displaced by the hand with aid of moist gauze. 
Further reduction m positive pressure is an aid to exploration but, 
as tins h done, a note is made of portjoni that were atelectatic when 
the chest was opened in contrast to portions that were Inflated but 
become collapsed in the course of operation. The latter are reiuflated 
from time to time durmg the operation and are left Inflated when 
the chest is closed. Efforts should not be made forcibly to inflate lung 
atelectatic when the chest was opened. 

As the injury to the lung is disclosed, careful appraisal of it* 
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nature is possible Pieces of clothing, fragments of bone and other 
foreign bodies are removed Active bleedmg from a deeply lacerated 
lung can be controlled by a hilar tourniquet or by manual pressure at 
the hilum, such control permits excision of devitalized fragments 
and hemostatic suture or resection (Fig 13) 



Fig 13 — Excision of devitalized pulmonary tissue Control of hemorrhage by 
manual compression of hilum of lobe 


Hematoma of the lung, or atelectasis, is not an mdication for re- 
section, as spontaneous repair will take place Large hematomas may 
result from penetration of tmy foreign bodies and, even if the foreign 
bodies remam embedded in the lung, no attempt should be made to 
remove them 

Resection of Irreparably Damaged Lung 

Debridement and suture will be adequate for the majority of 
patients who reach a hospital where operation can be performed 
In a few cases lobectomy or pneumonectomy may be required for 
deep laceration, particularly near the hilum, or for such extensive 
destruction that there is real doubt as to future functional value It 
IS repeated for emphasis, however, that atelectasis and hematoma are 
not m themselves mdications for resection 

Debridement and Suture of Lacerated Lung — Lacerated lung is 
grasped with the aid of gauze, and traction sutures are mserted to aid 
in holdmg it in an accessible position Devitalized tissue is excised 
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■Tvl the bleeding turface U approximated with contmuou* or inter 
nipted futures of plain Na 0 catguL It u best to cut, future and 
cut again rather than to complete the excision and be faced 
with a bleedmg, retracted lung. Large, bleeding vessels can bo identi- 
£ed and individually hgated. Open bronchi are Ugated or sutured. 

Lobcctotny — This is most easily and quickly performed if a 
tourniquet is employed although, if the turgeon is fam i lia r with 
the complexities of mtrahilar anatomy he may use his ju dgm ent in 
employing the precise techmci required for ligabon of individual 
vessels and broncbL There a much less danger of a subsequent 
bronchial fistula if instead of using a tourniquet and mass ligation 
of the hilar structures, the bronchus is dissected out and sutured 
carefully vnth silk or with fine, stainless steel wire. 

Incomplete lobar fissures pr e v ent proper apphcabon of a toumi 
quet about the hilum of a lobe. Incomplete fissures are commonly 
found between the right upper and middle lobes, and between the 
apex of the Lower lobe and the adjacent part of the co r re sp onding 
upper lobe. They may occur elsewhere. To complete a fissure for 
application of a hilar tcrumiquet, lung parenchyma is grasped with 
hemostatic clamps parallel placed, and then the txDue is divided. 
The clamps are enveloped with a continuota suture the clamps are 
then removed end the iiflur e la set. 

Mobilisation of a Icrwer lobe for apphcabon of a tourniquet 
requires division of the pulmonaiy ligament — a reflection of medias- 
tinal pleura that forms a “mesentery" extending from the diaphragm 
to the hilum (Fig. 14) Vessels that require ligation may occur m 
the pulmonary ligament The inferior pulmonary vein is situated at 
its upper end and care is taken not to wound h. 

Adhesions between parietal wall or mediastmum ftn<^ the lung 
■Iso require secbon before a tourniquet can be applied. Contained 
vessels are Ugated. 

After complete mobilUatian of a lobe, the hilar tourniquet is 
employed to occhido bronchi and vessels while the lobe is amputated 
and hemostatic sutures are being placed- A generous stump (1 inch 
or about 2J cm.) is left distal to the cord of the tourniquet to fore- 
stall retractjon and permit firm suturing. 

Sutures of chro m i c catgut (No. 1) are placed in the conglomerate 
mass of bronchi and blood vessels that present m the center of the 
amputated stump. Some of these are cut long and serve for traction 
to replace hemostabc clamps that are applied for this purpose during 
the actual amputation. After sutures have been placed to occlude 
the vessels and bronchi of the stump, the toimuquet a released but 
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nature is possible Pieces of clothing, fragments of bone and other 
foreign bodies are removed Active bleeding from a deeply lacerated 
lung can be controlled by a hilar tourniquet or by manual pressure at 
the hilum, such control permits excision of devitalized fragments 
and hemostatic suture or resection (Fig 13) 



Fig 13 — Excision of devitalized pulmonary tissue Control of hemorrhage by 
manual compression of hilum of lobe 


Hematoma of the lung, or atelectasis, is not an mdication for re- 
section, as spontaneous repair will take place Large hematomas may 
result from penetrataon of tiny foreign bodies and, even if the foreign 
bodies remam embedded m the lung, no attempt should be made to 
remove them 

Resection of Irreparably Damaged Lung 

Debridement and suture will be adequate for the majority of 
patients who reach a hospital where operation can be performed 
In a few cases lobectomy or pneumonectomy may be required for 
deep laceration, particularly near the hilum, or for such extensive 
destruction that there is real doubt as to future funcbonal value It 
IS repeated for emphasis, however, that atelectasis and hematoma are 
not m themselves mdications for resection 

Debridement and Suture of Lacerated Lung — ^Lacerated lung is 
grasped with the aid of gauze, and traction sutures are inserted to aid 
m holdmg it m an accessible position Devitalized tissue is excised 
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IS left m place so that it can be tightened again if further sutures are 
required When the tourniquet can be removed completely, without 
further hemorrhage, the cuff of lung that surrounds the stump is 
sutured over the deeper structures 

Total Pneumonectomy — An entire limg may be resected for 
uncontrollable hilar bleeding or extensive laceration by a technic 



similar to that just described After division of the pulmonary hga- 
ment and any parietal or mediastmal adhesions, the tourniquet is set 
about the hilum Amputation and closure of the stump are performed 
as m lobectomy. 

For total pneumonectomy the procedure of mdividual ligation of 
vessels and accurate closure of the bronchus is more desirable than 
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If the lung i* adherent, all of the denuded part* of the rib* are 
retected and the intercottal ttructure* and perloiteiim are removed. 
The lung b then palpated through the pleura and a large aspirating 
needle is Inserted m the center of the indurated portion. When the 
cavity has been entered and pus or foul air is withdrawn, the needle 
n allowed to remam and, with it as a guide, the abscess is opened. 
The opening ts best made with a cairtery The contents of the cavity 
are evacuated by suction. Oxygen or air admin atered under pr essure 
by a tightly fitting mask, will aid in expelling the contents of the 
cavity The abscess ii packed with a long strip of gause, which is 
also used to fill the incisian. The margins of the wound and this 
packing may be left undisturbed as long as there Is no evidence of 
pus being retained behind It (purulent expectorataon) It may be 
necessary to repack for secondary bemoarhage. 

A well localized superficial abscess may be drained by raising a 
■km flap, es is described under empyema (page 271) This method 
b especially advantageous when the man is subject to distant evac 
uatina end repeated transfer from the care of one medical officer 
to another 

REMOVAL OF FOREIGN BODY FROM THE LUNG 

See Chapter HI, •Foreign Bodies’* (p. 248) and Chapter IV 
“Thoracotomy for Penetrating Wounds" (p. 272) 

Eariy Removal at Thoracotomy 

Palpation of the lung (or a fareign body is best made whh tem 
porary reduction of the p os itiv e p r ess ure anesthesia- When the for 
eign body has been felt, the lung containing it U grasped between 
the thumb and finger an mcisioD is made onto the foreign body the 
body b extracted and the incision b repaired with a few deep 
sutures of plain catgut The grasp on the lung is not released until 
all of these maneuver* have been completed. 

Late or Delayed Removal In Presence of Infection 

Operation b carried out at for two-stage drainage of a hmg 
After rib r ese ction, the foreign body b localised by thrust 
mg two long hatpins down to h, under fluoroscopic guidance one 
passes thromdi the region of the rib resection and the other through 
the intact thoracic wall in a plane perpendicular to that of the first 
pin. An opening is made down to the foreign body by following along 
the first i>in with a galvanoceutery or an endothenn. A sponge forceps 
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injury, it may be expedient to suture the lung to the thoracic wall 
instead of resecting it and closing the chest The lung is grasped and 
drawn into the mcision. It is transfixed with a pair of deep, catgut, 
stay sutures and the lacerated pulmonary tissue between them is 
cut away Additional sutures are placed, if necessary, to secure a firm 
hold, but they are not tied until they are passed through the pleura 
and soft parts of the thoracic wall They are then tied so that they 
hold the lung up firmly against the opening in the thoracic wall 
Gauze is packed against the lacerated lung and the skin and soft 
parts of the chest are sutured loosely around the gauze A firm dress- 
ing is applied This operation has the advantage that suppuration 
occurrmg in the lung will find its way out of the thorax mstead of 
into it. Dependent, closed intercostal drainage of the pleural cavity 
is also provided 

SURGICAL DRAINAGE OF LUNG ABSCESS 

The lung abscess is carefully localized by x-ray It is generally 
wise to have the patient m a “head down” position m order to get 
the benefit of gravity m dramage and to minimize the danger of the 
entrance of pus into unaffected parts of the lung The mcision is over 
the region m which the abscess most nearly approaches the thoracic 
wall This IS important for two reasons, first, the lung is almost 
always adherent m this region, second, m removmg the roof of the 
abscess cavity, only a thm layer of pulmonary tissue will be excised 
The mcision may be horizontal, perpendicular or curved, in the 
upper part of the axilla and m the area between the scapula and 
the spmal column, perpendicular or hockey-stick incisions have ad- 
vantages, in other areas, especially anteriorly, more horizontal ones 
are preferable 

A wide area is exposed to permit the entire external surface 
(roof) of the cavity to be removed, usually two ribs are exposed, 
but anteriorly one rib often suffices. The periosteum is carefully 
separated from the nb or nbs, as the case may be, and the mter- 
costal muscles are exased to determine whether or not the two 
layers of pleura are adherent. If they are not adherent, the mottled 
lung can be seen movmg with respiration through the thm parietal 
pleura If there is any doubt as to fixation of the lung to the panetal 
pleura, the denuded nbs are not resected but gauze packmg is m- 
serted between them and the pleura, and the fasoa and skin are 
loosely approxunated by mtemipted sutures A week or ten daj^ 
later the second stage of the operation may be done 
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mth rib to the mpple Imo or sltchtly beyond (Fig. 17) The ikm- 
£a*cia-mu*cle flap Is turned up to expo»e the third, fourth, and fifth 
cortal cartxlaget and the anterior ends of the corretpofldmg rlbi. In 
mjurie* near the apical portion of the heart, the fourth and fifth 
cartilagei and the anterior endi of the correaixmdmg rib* are re- 
fected *ubperio* te ally If there 1* doubt as to the level of the wound 
in the heart, the approach i* better too high than too low, a* the 
cardiac apex can be elevated by unng an apical suture but the ba*e 
of the heart cannot be appreciably deprwied (Fig. 18) The penot- 



Ictvnl of b—rt. 

teum and inter coital bundle* are divided near the sternum and 
retracted, to expose the internal mammary venols which are ligated 
prorunally and distally and resected between the ligature*, the com 
municatmg mtercosUl ve*»els also are ligated. 

The loose ti*»ue anterior to the pericardium i* mdied perpendlcu- 
letly near the sternal border and stripped laterally with the pleura, 
ft b essential that tatiifactary exposure bo obtained before the peri- 
cardium h opened In case* of tamponade therefore, If the position 



284 


NEUROSURGERY AND THORACIC SURGERY 


IS introduced into the channel, the body then is grasped and ex- 
tracted. The channel is packed with gauze and the wound is left 
open A sponge stick makes a much better extractor than a hemostat 
Much time, trouble and laceration of the lung will be saved if this 
act of grasping the foreign body is done under fluoroscopic control 
If extensive fibrosis and chronic suppuration surround a deeply 
seated foreign body, lobectomy is preferable 

CARDIORRHAPHY 

It should be remembered that double wounds of the heart, one 
of entrance and one of exit, are not uncommon and that if a wound 
of the anterior surface is found, inspection of the back of the heart 
should not be omitted 



pjg 17 — Incision for extrapleural exposure of the heart. A portion of the 
sternum has been rongeured away This may sometimes be avoided by the use 
of an apical traction suture (see Fig 18) 

Extrapleural Approach 

The level of the mcision depends on the apparent location of the 
wound. Generally it is placed along the left costal margin, from the 
second mterspace to the sixth nb and along the lower border of the 



OPERATIVE SURGERY 


287 


gwr riiae woiind I* antenoT and well expoied, it a covered by the tip 
of the index finger of the left hand while a deep niture of iilk a 
pa«ed beneath the finger at a right angle to the wound (Fig. 19) 
Tha itrture is then used as a traction suture to steady the field and 
also partially to close the wound while interrupted, approx hnnting 
futnres are placed and tied. The traction suture may then bo re- 
roored unless it is certain that it has not penetrated the endocardium. 
If the wound in the heart ts lateral or posterior or for any reason 
h difficult to expose an apical traction suture is inserted in the tip 



Flf. 20 — laddon In foarth hitcrcovtal spec* for ■xposarn of ttw 

b««rt. 

of the left ventricle and the wound is repaired as Jtat described 
(Fig. 18) 

When repair has been completed, the pericardial cavity Is thor 
®njdily flushed out with warm, physiologic sahoe solution, care being 
t*fc*n to remove all blood cIoL The pericardium a loosely approxl 
°^®ted by mterrupted sirturei and the mciiion m the thoracic wall Is 
•PP^^mmated with mterrupted fine silk sutures foe the pectoral 
•heath aztd the slon. Drainage material » not used. 

Transpleural Approach 

When there is associated pleural or pulmonary mjury or when 
a great urgency the heart n exposed by a long in te rc osta l 
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of the wound causes any doubt, another cartilage is divided near the 
sternum or resected In the presence of tamponade from hemorrhage. 






pjg 19 Cardiorrhaphy The wound is covered by the left index finger while 
a deep suture is inserted This suture is used to steady the field and also partly 
to close the wound while the approximating sutures are inserted and tied The 
original suture should then be removed if it seems hkely that it has penetrated 
the endocardium. 

the pencardium will be dark and tense It is carefully but adequately 
incised and liquid blood promptly is removed by suction If the 
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and at frequent interval* m the coune of manipulation of that organ. 
If cardiac irregularity develop*, manipulation i* di»contmued if po»- 
rible until regular rhythm ha* been reestabliahed. In ca*e of sudden 
cardiac anert, epinephrine ii injected into the n^t ventncle and 
cardiac massage i* immediately atarted. Firm but not too strong 



Ptc, 22.— Bubdlcphnsmctic mMUc« of tb* boaft. Th« abdocnfaMJ head it plocod 
httwMQ tb* Mt of tho Utv and the diaphracm. 

preoure is applied from below upward, thirty to fifty time* a minute. 
During maaaago the fingers ore placed posterior to the heart and the 
thumb, anterior Cardiac masaage and artificial respiration are con 
tinued for at least ten minutes, or until a regular heart beat is re- 
established. 

Cardiac arrest may occur in the course of operations on any part 
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incision m the third or fourth interspace, extending from the sternum 
to the middle of the axilla (Fig 20) The adjacent cartilages are 
divided near the sternum for additional exposure After the pectoral 
muscles have been divided, the intercostal muscle is incised near the 
upper border of the fourth or fifth cartilage and a nb-spreadmg re- 
tractor IS mserted and opened sufficiently to permit imhampered 
access to the heart The anterior border of the left lung is retracted 
laterally and posteriorly to expose the mediastinal pleura overlying 
the pericardium (Fig. 21) The phrenic nerve is located as it courses 
downward on the pericardium and it receives an injection of 1 per 
cent solution of procaine. This nerve should be preserved The peri- 
cardium IS incised perpendicularly, usually anterior to the phrenic 



Fig 21 — Transpleural exposure of a posterolateral bullet wound of the left ven- 
tricle 


nerve, but the relation of the pericardial mcision to the nerve de- 
pends on the location of the wound of the heart Repair of this wound 
is earned out as described The pencardium is loosely approximated 
by mterrupted sutures, so that serous flmd may dram from the 
pericardial mto the pleural cavity, from which it can be removed by 
aspiration The incision in the thoracic wall is closed without 
dramage 

CARDIAC ARREST 

Cardiac arrest is particularly likely to occur m the course of 
operations on the pencardium or heart To prevent this, procame 
solution (2 per cent) is dnpped over the surface of the heart before, 
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and at frequent Intervali in the courie of, manipulation of that organ. 
If cardiac Irregularity develops, manipulation it discontinued if pot- 
tible until regular rhythm hat been reettabliihed. In cate of sudden 
cardiac arrest, epinephnno U injected into the right ventricle and 
cardiac massage is immediately started. Firm but not too strong 



n^. 22.— Qubdlcpbracmatlc maiini of tli« b— rt. Tb* abiloffiln*! U placvd 
b*tw*«n tfa* l«ft lob* of tb* Uror and tb« 

pressure is applied from below upward, thirty to fifty times a mmuto. 
During massage the fingers are placed post eri or to the heart atvl the 
thumb, anterior Cardiac massage and artificial respiration are con 
tfaraed for at least ten minutes, or until a regular heart beat is re- 
established. 

Cardiac arrest may occur m the course of operations on any part 
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incision in the third or fourth interspace, extending from the sternum 
to the middle of the axilla (Fig 20). The adjacent cartilages are 
divided near the sternum for additional exposure After the pectoral 
muscles have been divided, the intercostal muscle is incised near the 
upper border of the fourth or fifth cartilage and a nb-spreadmg re- 
tractor IS mserted and opened sufficiently to permit unhampered 
access to the heart. The anterior border of the left lung is retracted 
laterally and posteriorly to expose the mediastinal pleura overlymg 
the pericardium (Fig 21) The phrenic nerve is located as it courses 
downward on the pericardium and it receives an mjection of 1 per 
cent solution of procaine This nerve should be preserved The peri- 
cardium IS mcised perpendicularly, usually antenor to the phrenic 



(Ooujid of left Oentrtde 


Fig 21 — ^Transpleural exposure of a posterolateral bullet wound of the left ven- 
tricle 

nerve, but the relation of the pericardial mcision to the nerve de- 
pends on the location of the wound of the heart. Repair of this wound 
is earned out as desenbed. The pencardium is loosely approximated 
by mterrupted sutures, so that serous flmd may dram from the 
pericardial mto the pleural cavity, from which it can be removed by 
aspiration The mcision m the thoracic wall is closed without 
dramage 

CARDIAC ARREST 

Cardiac arrest is particularly likely to occur m the course of 
operations on the pencardium or heart To prevent this, procame 
solution (2 per cent) is dnpped over the surface of the heart before. 
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md .t tmmcnt interval! m the coune of manipulation of that ^an. 
If catdiac iiretulanty develop!, manipulation h diacontmued “ ^ 
lihle untn regular rhythm ha! been reeetabluhed. In caee of ludden 
cardiac aireat, epmephnne u mjected mto the right ventricle and 
cirdiac maimge a immediately Itarted. Finn but not too atrong 



FI®, 22, — Subdi«pfar*CiDctIc ingnip of tfw b—dt. Tbo abdominal hand U piaead 
bat^'aa a tba laft loba of tlw Uvar aiMl tba dlapbracm. 

preoure is applied from below upwa rd, thirty to fifty tfanea a minute. 
During massage the fingers are placed posterior to the heart and the 
thumb, anterior Cardiac massage and artificta] respiration are coO' 
tinu ed for at least ten minutes, or until a regular heart beat is re- 
established. 

Cardiac arr e st may occur in the course of operations on any part 
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of the body, under either general or regional anesthesia Sudden 
cardiac arrest also may result from blows to the precordium or epi- 
gastrium It is essential that the heart be reactivated with as httle loss 
of time as possible, for the brain does not withstand prolonged circu- 
latory standstill From 5 to 10 minims of epinephrine (1 1000 solu- 
tion) are injected into the cavity of the right ventricle and another 
5 mmims are injected into the wall of the ventricle The injection 
IS made through a 22 gauge needle, 10 cm long, inserted in the 
fourth mterspace, 1 to 2 cm to the left of the sternum The needle 
IS passed in through the thoracic wall, the plunger is slightly with- 
drawn and the needle is passed directly backward, or very slightly 
to the right, until dark blood is obtained The first mjection is made, 
the needle then is withdrawn, and when blood is no longer obtainable 
the second injection is made If response is not prompt, cardiac mas- 
sage IS instituted immediately If the abdomen or thorax is open, that 
route IS used If neither cavity is open, the abdomen is rapidly en- 
tered through an upper left rectus mcision, the surgeon’s hand is 
passed upward beneath the diaphragm, and pressure is applied to 
the heart (through the diaphragm) from below upward and from 
behind forward (Fig 22) Simultaneous pressure is applied over the 
precordium The heart is thus compressed rhythmically about thirty 
to fifty times per mmute and this is contmued for at least ten mm- 
utes, or until the heart begms to beat spontaneously Artificial res- 
piration with oxygen is given If an mtratracheal tube is m place or 
IS readily available, admmistration of oxygen under mtermittent posi- 
tive pressure is valuable However, care should be taken not to 
compress the breathing bag too strongly, as there is danger of rup- 
turing the alveoli 

PERICARDIOSTOMY 

Drainage of the pericardium is best carried out through a curved 
mcision extending along the sternal border, from the lower border of 
the third to the upper border of the sixth rib, then out along the sixth 
rib to the nipple Ime (Fig 23) The skin-fascia-muscle flap is turned 
up to expose the fourth and fifth costal cartilages, which are resected 
subperiosteally The intercostal bimdles and periosteum are divided 
near the sternum and retracted to the left The mtemal mammary 
vessels are ligated proximally and distally and the loose preperi- 
cardial tissue IS incised and stripped to the left with the pleura The 
pleura must not be mjured After a sufficient portion of pericardium 
has been exposed, the pleura is protected by a gauze sheet and the 
pericardium is incised obliquely from above and medially, downward 
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and laterally. The incision in the pericardium is 5 to 6 cm long and 
IS made with great care to avoid injury to the heart, which may be 
adherent anteriorly Pus is removed by suction and adhesions be- 
tween the pericardium and epicardium are gently separated by di- 
rectmg the pressure of the palmar surface of the fingers against the 
inner surface of the pericardium The edges of the pericardium are 
sutured to the pectoral fascia, not to the skin (Fig. 24) Drainage 
material is not inserted Postoperatively, fresh adhesions must be 
separated by the sterile, gloved index finger at least once in each 
twenty-four hours for several days, otherwise pus may become walled 
off posterior to the heart 

SUPRASTERNAL COLLAR INCISION FOR MEDIASTINAL 
EMPHYSEMA AND WOUNDS OF THE TRACHEA 

It should be remembered that there is danger of air embolism if 
any of the large veins of the neck are opened, especially when there 



IS mspiratory difficulty Conversely, these vems are likely to bleed 
profusely when there is expiratory difficulty 

In the presence of wounds of the trachea, or of mediastinal em- 
physema from other causes, a suprasternal incision may be life-sav- 
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Ing. Under procaine infiltration, a transveiae Indsion about 8 to 10 
cm, long is made just above the rtenium (Fig. 25) The skin and 
platysma muscle are divided and, "wldle prtaaure is applied below 
to distend the vemt, they are doubly ligated and severed between 
the ligature*. The ribbon muscle* ol the neck are separated (Fig. 26) 
by a vertkttl mdsion m the midlmo and, if necessary for adequate 



PI*. 26 ,— 6 upc*»t»iu*l madlsvtlootacny for r«li«{ of modl^stlfial T T if i hj wci T 
Tb* KjiUiior trcb hn boon dsmpod oq owb of tbo ^T^W^^4T>^ '^w 

rlbboQ moKlM u« bohic ratnctod UtaraUy bat mxj b« dtrtd*! tnmtrorMty U 
Q«n»ry for otUqioat* «zpomr«. Lw escb^jtomy olso m*y bo p«rfcTTo*d 
tbroQ|;b • tlmOor tflcMorL 

expoeure, are divided transversely In separating the lower portion 
of these muscles, large vein* must be carefully ligated and divided. 
The trachea is exposed below the thyroid isthmus by bhmt dbsec 
don. If a tracheal wound is found it is closed by suture if pot^e 
Otherwise a trscbeotoroy tube b inserted The ikm and muscle* mu« 
not be sutured. 
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TRACHEOTOMY 

For low tracheotomy a vertical incision 5 cm long is made just 
above the sternum The ribbon muscles are separated by an mcision 
and retracted laterally Large veins cross the midline and are caught 
and severed between ligatures The thyroid isthmus is retracted up- 
ward A vertical incision is made m the midlme of the trachea, cut- 
ting across one or two cartilaginous rings The tracheal edges are 
separated by small, sharp-clawed retractors and a tracheal cannula 
is mserted The tissues superficial to the trachea are left open. If there 
IS great urgency tracheotomy may be performed by a single stab 
wound into the trachea 

THORACO-ABDOMINAL INJURIES: REPAIR OF LACERA- 
TION OF DIAPHRAGM (TRAUMATIC DIAPHRAGMATIC 
HERNIA) 

This IS usually not an emergency operation unless the mjury is 
compounded Vomiting, pain, shock and distention — the signs of m- 
testmal obstruction — may be present Not mfrequently these patients 
are operated on under a tentative diagnosis of ruptured abdommal 
viscus. If the correct diagnosis is made, access can be gained either 
transpleurally or transpentoneally The transpleural route has the 
advantage of immediately equalizmg the pressure in the thoracic 
and abdommal cavities and thus makmg reduction of the prolapsed 
abdommal viscera easier It also permits access to the phrenic nerve, 
which courses along the pericardium Repair of the diaphragm is 
facilitated if this nerve is temporarily paralyzed by hghtly crushmg 
it with a hemostat. The transpleural approach allows mtrathoracic 
adhesions between the prolapsed viscera and the lung to be divided 
under direct vision Smce m late cases adhesions are often dense and 
troublesome, the thoracic approach is the one of choice when the 
mjury is of more than a few weeks’ standmg 

The abdommal route offers a satisfactory approach for early 
cases without dense adhesions, and is quicker and easier for surgeons 
who are more accustomed to work m the abdomen than m the chest 
Intratracheal differential pressure anesthesia is advisable m either 
case 

Transthoracic Approach 

A Levm tube is passed mto the stomach before anesthesia is 
mduced. 
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External woundi are exctaed deeper itructure* ore lutured to 
close the pleura or peritoneum and the woundi are padced open, -with 
local application of a vulfonamlde. 

For the major mciaion, reiection of the nmth or tenth rib u 
performed from the trarxsverte procea* of the vertebra to the anterior 
axillary Ime. The pleura u Incited through the penotteal bed of the 
resected rib and the mctiion it tprcad widely with the mechanical 
re tra c to r 

If the mjury hat been a penetrating wound, careful jntpection of 
vtxcera is made for perforations. The rent m the diaphragm may 
be enlarged for further exploration of viscera that he m the abdom 
inal cavity Exploration is aided by deflation of the stomach by means 
of the Levin tube. When bleeding vessels have been secured and 
perforated viscera repaired, the abdominal organs are reduced 
throufih the openmg m the diaphragm. 

The edges of the laceration In the diaphragm are excised and 
appr o xn nated by mtemrpted sutures. If an actual defect has been 
created by tearing away of the diaphragm from the thoracic wall, 
it ti closed by reattachment at a higher level 

Lung that was atelectatic on opening tbe chest should not be 
forcibly remflated, but otherwise the hmg is reexpanded during 
closure of the inasion. 

On the right tide, the Uver may be mjured by tbe masile. If a 
pack is re<iuired it is brought through tbe lateral wall of the abdomen 
and tbe di a p hr agm is closed above it. 

The indications for drainage are tbe same as those discussed 
under thoraco t omy (p 280 ) 

Abdominal Approach 

If a median laparotomy u made under tbe diagnosis of r up t ur e d 
viscus, the mdsioa is prolonged to the xiphoid if the co rrec t 

di agnosi s is made, a left paramedian incision from the xiphoid prttr af i 
to the umbilicus gives tbe best ex p os ur e. If exposure a inadequate, 
more room can bo gamed by cutting the left rectus muscle across at 
one of the transverse lines. Inorion of the rib cartilages will rarely be 
necessary Divisicn of tbe coronary ligament of the liver nnH re- 
traction of the left lobe of the liver to tbe right, will improve the 
oip<miro of the under rorface of the diaphragm. Downward traction 
on the atomach uaually wlU deliver it and the colon wUI follow the 
etomach. By holding the vbcera down and to the right with a large 
laparotomy aponge held m the open left hand, the diaphragm wHl bo 
vwuahred. The edge, of the laceration are then muted wrth inter 
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rupted sutures. By leaving each successive suture long and making 
traction on it, closure of the openmg is facilitated. 

MEDIASTINOTOMY 

Early wounds of the esophagus are exposed for repair either by 
a cervical incision or by transpleural thoracotomy, depending on the 
level of the injury 



Fig 27 — Incision for extrapleural exposure of the esophagus (posterior 
mediastinotomy) When the posterior mediastinum is being explored for pus, the 
horizontal arm of the incision is unnecessary and the resection of longer seg- 
ments, 6 or 7 cm , of only one or two nbs gives adequate exposure The level of 
the esophageal perforation or of the region of infection determines the level of 
the inCTSion 


A recent laceration of the esophagus is closed with mtemipted 
silk sutures, with precise approximation of the mucosa The muscular 
coat IS so friable that the safety of the suture line depends on mucosal 
healmg 

A nasal tube is passed mto the stomach while a finger in the 
mcision can guide it past the region of mjury Penrose drams are m- 
serted, but not m contact with the region of repair 

Infection develops rapidly and, for late cases or for dramage of 
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a mediaitmal abscess when there it no evidence of a communication 
with either pleural cavity an extrapleural approach is desirable. This 
may be cervical or po s terior 

Cervical Mediaatlnotomy 

This is employed for perforation of the cervical or upper thoracic 
portion of the esophagus, or for drainage of a superior mediaftmal 
abscess (above the level of the aixth thoracic vertebra) 

An oblique incision Is made along the anterior border of the 
ftemocleidomastoid muscle The carotid abeath is retracted laterally 



FIC* 38. — -Pci«t«rlar xocdUatinotomy Rw xtl on of ahart Moments ot throo 
rib* pnllmluary to Mpcrctloo of th» plmra from tb» TMtabr**. Tb* tnmrarM 
Pfo.^w Bad tb* h fd* o< tti« ribi mmj b« i B Uiwd to •bortn tb* into 

tb* twrtwlor modlBrtlmttii. 

after ligation and division of the lateral thy roid vein. If the inferior 
thyroid artery is exposed, it can be retracted upward or doubly 
ligated and divided. When the pre v er tebral fascia is reached, the 
Qpper part of the poatertor mediastinum rm be entered by carrying 
the dissect! on downward on tha plane. If drainage of an abscess is 
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required, a soft rubber tube is sutured in place and drainage by 
gravity is facilitated by raising the foot of the bed 

Posterior Mediasiinotomy (Extrapleural) 

For exposure of the esophagus, at least three and at times four 
ribs are divided posteriorly, the level depending on the level of per- 
foration The lower end of the mcision is curved laterally, extending 


esophagus 



Fig 29 — Posterior mediastinotomy An intercostal incision added to the 
lower end of the perpendicular incision gives a more adequate exposure The 
pleura must be freed up well above and below the horizontal arm of the incision 
so that it will not be tom when the nbs are widely separated Excellent exposure 
of the esophagus can be obtained in this way 


10 cm along the lowest nb to be resected (Fig 27) The sacro- 
spmahs muscle is retracted toward the spmous processes of the verte- 
brae and short segments are removed from the ribs between then- 
angles and the transverse processes of the vertebrae (Fig 28) The 
pleura is separated from the overlymg nbs for a sufficient distance 
laterally, and above and below, to avoid tearing when the nbs are 
retracted. At least two mtercostal bundles are divided between hga- 
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ture* to provid© adequate cxpoeure. The pleura is then carefully 
separated from the vertebral bodies imtil the esophagus is reached 
(Tig, 29) 

To Ettoblith Drama^ of an Xbsceis or to Extenonxe a Re^an 
of ModiattauUs Surrounding a Porioration . — The utmost care must 
be to avoid opening the pleura. Under local anesthesia, an 

indiion 12 cm- long Is made parallel to the border of the sacro- 
spinalis muscle, centering over the nb or ribs to b© resected. The 
Utisslmus dorsi is divided and the erector spmae muscles are mobll- 
iied by severing their tendinous attachments to the ribs. The trans- 
verse processes of two vertebrae are exposed and the articulations 



Pis. 30 — Po«t«rior ra«dl«Unota(D]r for of obacMS at the Irvel of tb# 

fourth thmdc rerto le* . The ntsoMrals Ideotlfy rort^sra cod corteiii rib*. 


with the corretpooding ribs are mobilized by dividing the ligaments. 
The transverse proces ses then can be shortened with bone forcepa 
or rongeurs. Subperiosteal resection of the two ribs is then earned 
out with the aid of a raspatory reaectmg segments that extend from 
the neck of the rib to its tubercle or angle (opproxiraately 5 cm.) 

The poftenor periosteum Is carefully divided and the mtercostaJ 
vessels are divided betwee n double Ugatoret. Intercostal nerves are 
severed with a sharp kmfe of retracted (Fig. 30) 

The pleura li gently KpMted from the vertebral bodlei .ui- 
petnory Ugemontoui attachment! are divldod by tharp thnechon to 
evold tearing. Accea ii tbu. gained to the poeterior medhatmum and. 
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required, a soft rubber tube is sutured in place and drainage by 
gravity is facilitated by raising the foot of the bed 

Posterior Mediastinotomy (Extrapleural) 

For exposure of the esophagus, at least three and at times four 
ribs are divided posteriorly, the level depending on the level of per- 
foration The lower end of the incision is curved laterally, extendmg 


esophdjgus 



Fig 29 — ^Postenor mediastinotomy An intercostal incision added to the 
lower end of the perpendicular incision gives a more adequate exposure The 
pleura must be freed up well above and below the horizontal arm of the inasion 
so that it will not be tom when the nbs are widely separated Excellent exposure 
of the esophagus can be obtained in this way 


10 cm along the lowest nb to be resected (Fig 27) The sacro- 
spmalis muscle is retracted toward the spinous processes of the verte- 
brae and short segments are removed from the ribs between their 
angles and the transverse processes of the vertebrae (Fig 28) The 
pleura is separated from the overlymg nbs for a sufficient distance 
laterally, and above and below, to avoid tearmg when the nbs are 
retracted At least two mtercostal bundles are divided between Iiga- 
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ABooWHiX (UittotloD in cord 

lQ}^lri•l, W 
Abvcns, brain, 1&8 
•pldural. 199 
lntr*car«brsl, 190 
hint, di^tnocU of 253 
draiivt* ot 292 
•tioloCT of 253 
trwitzMnt of 253 
mbdoral 1&9 
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chad intabadoa, 357 
In h«ad vouods, 18 
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In rfb nc# alaradoo, 266 
In tboradc wall bihirlac, 223 
in tb oc a co t o my 273 
ApbatU In b«*d wootaU, ooocom- 
batcnt, 53 

Arm, cLcuuiflcx oarra lalariai and, 

136 

nraamloapird oarra laJcBT 
naraaa of, 107 105, 115 116 
In/ory to, 109 

Artary fntarcoftal. Ufadon tacbnin, 267 
paricostd nitura of 265 
manrmaiy Injorlaa, 233 

traatmant ijcopaU, 332 
Ufatloo of 268 

Atslactnii. traatmant aynopd*. 291 
AtrtFploa in tboradc wall inJarWi, 324 
Atnotranafation tacbolc. 297 
AaDlary oarra Inhirlaa, tpUnt In, 176 
Aanlamma, 84 

Amchloramld in acalp woondi, 9 

BAJorrtritATCa la tboracfe Wall in- 
Joriaa, 224 

Battla** dCD In baad wotmdi, noocam- 
batant, 35 

Bladdar In tplnal cord wntitth, 54 68 
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Blast Injurlca traatmant a y nopab, 238 
Blaadlnt In band woundji, ooocoov 
batant, 94 

Blood, autntranafmlan of 257 
Body woondi, bead Initiiy and, 8 
Bomb asploaioa, bcda Inhnias from, 3 
acalp ifi]urlea from, 3 
•Imll Injoilat faxan, 3 
tboradc wall injnrlaa from, 338 
Bow«l In iiplnal coni wooodi, 69 
Brachial plaxoa narra Injurlaa, 138 
paripbaral dixtribctlon, 137 
root araa distribudoQ In, 127 
Brdn abacaat, 188 

dtfcailc. dJaiBrdt, 191 
traatmant, 193 
uvwad ra tachdc In, 194 
poatoparadTa traatmant. 196 
•yCBptnma of 190 
I traatmant, 189 190 
I d^brldamaDt of mlaaUa tract In, 22 

I tombnt wounds 3 
Broncfaial wooodt, thcradc araU lojnrias 
I and. 336 

I Dr uicfapacopy tachnlc, 257 

CAmPtx In tboradc waD injoiiaa, 234 
Carbon dlodda In tboradc wall injnrlai, 
234 

Cardiac arrnt, 288 
CartOorrfaapfay tachtdc, 264 
Candal Inforlaa In spinal cord wounds, 
traatmant, 64 

CaosalflJL 8aa also /fanrfda 
alcohol faijactlan in, 170 
pariaruaial sympatbactocny In, 171 
padpharal narra injury •rwl, 98 
s ymptom s, 169 
tTMUnant, 168 

CarabTo s pinal fluid In band wounds, 
noncombatant, 94 43 
Canricsl iojuiiaa In splnd cord wounds, 
tr aa tm ant, 63 

plscrat narras, anatomy of 132 
Injorias of 132 



300 NEUROSURGERY AND THORACIC SURGERY 

if pus IS present, it is reached at the level of the esophagus Penrose 
drams are inserted and the incision is packed lightly with gauze 
This approach is used on the right side down to the level of the 
eighth thoracic vertebra The azygos vein crosses the field at the level 
of the fourth thoracic vertebra Below the eighth thoracic vertebra, a 
left sided approach is employed. The aorta, as it descends, lies lateral 
and posterior to the esophagus 
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AboouinaL dlstndoQ In rplnnl coM 
InhiTlM, 69 
Abacto, brmln, lU 
•pldoTAl, 1S9 
Intracntbral, 190 
luQf, diapwcb of, 353 
dralnAC* 

•tiolocr of 353 
tTMtnmit of, 353 
tnbdonl. 189 

Alcohol InjoctloD lo (mr* Irritatloo. 

170 

Anotomlc IntmuptkiQ la prripbcnl 
nwTo Inhny 97 

Aa*fth««U in broocbotcopy and tra- 
dml lalabctiao, 357 
la b««d wouad«, 18 
la D« o * ro p4l r 144 
in rib ca(« •laradao, 266 
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in thoracotomy in 
AphaiU In brad womals, nn^w- rtm 
batant, 53 

Am, drcomflax oarra ioJmlM 
126 

snscakaplrBl narra lafttry and, 109 
Darraa of, 107 1 08 115 116 
Infnry to, 109 

Artary fa tarccn ta l, Ugatkm tachnlc, 267 
parlcoatal aatora of, 368 
mammary Injnrlai. 332 

traatmant ■ytwpdi, 232 
of, 268 

AtalactaaU, traatmant ■ynopala, 231 
Atropina to thoracic wall tohiria*, 234 
Antotramlniioa tachnlc, 237 
Aalllary aarra toJoriaB, ndlnt to, 176 
Axolamata, 84 

Asocblaranild to acalp woosds, 9 

BAmirtTKA-ro to thoradc wan to- 
hffiaa, 224 

Battla • ricn to baad wooad*, ncnccm- 
bataat, 33 

Bladdtr to apinal cord wocndt, 54 68 
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BUat tojorias, traa tma nt ■yDoiwix, 238 
Blaadtog in baad wutiad*, noocom- 
batant. 34 

Blood, aolCFtramfution of 257 
Body wtnmda, baad tojnry and, 8 
Bomb axplotlon, brato injnriai from, 3 
acalp Injnrlai from, 3 
aknil tojnriat from, 3 
thoradc wall tommies from, 238 
Bowa) to tptoal cord wonads, 69 
Brachial plaxui narra iojorias, 128 
paripheral dhtritoitloB, 127 
loot araa dlitiibtnian to, 127 
Bkraln abacaaa, 188 

efarecUe, dlapwal*, 191 
traatmant, 193 
opantira tachide in, 194 
pcatopandra traatmast, 196 
aymptosa of 190 
traatmant, 189 190 
dibrldaiDaot of inlailla tract to, 22 
(nnabot wcnodi of 3 
Bronchial wound*, thoracic wall tojuiiaa 
and, 336 

Broocbmcopy tachnlc, 257 

CAmntx to thoracic wall tojtiria*, 224 
Carbon diodda to thoracic wall injnrlaa, 
224 

Cardiac arraat, 288 
Cardkirrbaphy tachnlc, 284 
Canda] tohnlas to tptoal cord arotmdi. 
tra atm ant, 64 

Caosalfla. Bae also ffrarltit. 
alcohol tojactlon to, 170 
pariartarial tympatbactomy to, 171 
par lphar al narra tojory and, 98 
aymptoma. 169 
traatmant, 168 

Carabroaptoal Sold to baad wounds, 
noocom batant, 34 42 
Carrical inhniat to tptoal cord wonnd*, 
traatmant, 63 

plant xtarras, anatomy of 132 
tohnlas of 132 
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Cervical sjmipathetic nerve injuries, 131 
Chemotherapy in head wounds, non- 
combatant, 41 

in thoracic wall injunes, 226 
Chronaxie in peripheral nerve injury, 
93 

Circumflex nerve, anatomy, 126 
injuries, 126 
incidence of, 81 
splint in, 176 
Clot, removal of, 14 
Contracture in spinal cord injuries, 70 
Convulsion in head wounds, noncom- 
batant, 33 
treatment, 8 
Cordotomy, 71 
Cranial nerve injuries, 167 
incidence of, 167 
paralysis from head wounds, 35 
Craniofacial wounds, 27 
Crural nerve, anterior, anatomy, 139 
injuries, 140 

incidence of, 81 

Cutaneous nerve (s), external, anatomy 
of, 141 

injunes of, 141 
internal, anatomy, 125 
injury, 125 

segmental distribution of, 56, 57 
Cystostomy, suprapubic, indications for, 
68 

Debridement m gunshot wounds of 
head, 7 

Degeneration, nerve, 85 
Delirium in head wounds, treatment, 8 
Diaphragm laceration, repair of, 294 
rupture, hemothorax contrasted with, 
244 

treatment sjmopsis, 238 
Disk, intervertebral, injuries, diagnosis 
of, 73 

etiology of, 73 
lammectomy in, 78 
neurologic examination in, 75 
pain in, 74 
prophylaxis in, 78 
roentgenologic exammation in, 

75 

spmal puncture in, 75 
stress and, 73 
treatment of, 77 

Drainage, catheter, in lobectomy, 280 
in lung laceration, 280 
indications for, 262 


Drainage in spinal cord wounds, 67 
in thoracic wall injuries, 225 
tidal, of bladder, 69 
trocar-catheter, technic of, 262 
Duchenne-Aran sjmdrome, 130 
Duchenne-Erb s3mdrome, 129 
Dura, depression of, operative techmc 
in, 14 

opening of, for clot removal, 14 
penetration of, examination for, 14 
in wounds, 16 

slight, operative technic in, 19 
treatment, definitive, of, 16 
wide, operative technic in, 20 


Edema, cerebral, in noncombatants, 
care of, 37 

subtemporal decompression for, 49 
Elbow, function of, in musculospiral 
nerve injury, 109 

Electrotherapy in nerve injuries, 181 
Embohsm in thoracic wall injuries, 224 
Emphysema, mediastinal, diagnosis, 
243 

incision in, 292 
treatment, 244 
subcutaneous, diagnosis, 243 
treatment of, 243 
treatment synopsis, 236 
types of, 243 

Empyema, acute, treatment of, 246 
anaerobic, treatment, 247 
chemotherapy in, 227 
chrome, treatment, 248 
encapsulated, treatment of, 246 
massive, treatment, 247 
pericardial, operative technic for, 290 
pleural, diagnosis, 245 
drainage in, 269 
treatment, 246 

nb resection technic in, 269 
types of, 245 

thoracic wall injuries and, 227 
total, treatment, 247 
Endoneunum, 84 
End-to-end suture techmc, 156 
Erb’s response, 146 

Esophagus, abscess of, drainage in, 299 
wounds, surgery in, 296 

thoracic wall injuries and, 236 
Exammation forms m peripheral nerve 
mjury, 199-218 

Eye, Duchenne-Aran syndrome and, 
131 
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FaOAI, p«tt« bijnrfe*, 16? 
faicideoc* of 167 
op«ntlT* techolc to, 167 
FtnWTBl MTT* « pAto » Bj r 139 
lohfflw, 140 

Ftbrln lUtm Iq oerrm r*p«lr 134 
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nMdlsB Mrr* Inforia and, 123 
mtsculocpiral tohnr tad, 109 
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Food in tplnal cord lajorla, 69 
Foot, anterior crml oanra In|ttriM and, 
141 

p ar cpael oerr* lojonr aod, 137 
adatk oerr* injtsy and, 136 
Foraarm, injury ol, aarra and, 117 
Fonm, axaminatloa. in paripheral 
atm injuriaa, 199-21S 
Fractora, bumano, ratacolotpiral oarr* 
injury in. 111 
tkoU, 1^ iimary in, 43 
timpla daprauad, a u/ ta ij in, 48 
Functlaa in narra rafanaration, 104 
bi (plaal cord woondj, S8 
Pangta caratel doaloptnaot, 27 
poatoparathra eara in, 24 
Focdaill, anatomy oi, 83 

QKKrroQntl^ oarra anatomy 141 
inforiaa, 141 

OkMcopharynfaal narra injuria*, tnd 
denca ol 167 

Oonibot woonds of brain, 3. Saa 
Sttd iroundt. 
propbylasl*, 3 

•calp, 3. Baa al»o Haad w wa da. | 
propfaylaxU, 3 ' 

of 3. Saa al*o Ha%f inxmda. 

propbylaid*, 3 

of tboradc wall, traatmant, 237 

HaIX, (bort, adTanta^aa in (Ustbot 
wounds, 3 

Rand, T>Kbacna~Aran ayralTmw 
130 

fttnedoa of road tan narra injury twi 
123 

ma*ial aacoodaiy ctad Injury anl 
131 

mu*calo*ptoal narra injury cal 
110 

Haad wound*, rnabot, body injury 
and, 8 

doaura <J 11 


Hawl around*. fUrubot, cocrolrion* In, 
traatmant, 8 
daliriuQ in, traatuact, 8 
dnral panatradon In, anaatbasla, 
19 

dalayad traatmant, 27 
flrtt-«id in, 16 
oparatiaa tacbnic, 19 
poatoperatiTO cara, 26, 28 
tr aatmant, daflnitlr^ 16 
typa* of 16 
operadva tachnlc, 10 
record* In, 4 5 

•Iran fractnra withoot dural 
panatradoQ, 11 
firtt-ald in, 11 
opendra tachnir, 13 
traatxxMct, daflnidra, 
12 

dalayad, IS 
Bulfanilamida in, 9 
tranapor ta doo in, 9 
traatmant. dafinidva, 10 
tanaral, 7 

in noPCCTnbataat*, 28 
dia^Boai*, 32 

ajamlnadgrt, Daoroletle, 33 
fifst-add, 29 

ganaral mnnaiianiaOt, 32, 36 
infacdoo praraatino In, 37 
Uta rurfary in, 41 
lijmbar puncture in, 34 
pulse in. 32 
record in, 29 
raapiradoo, 32 
•edatira* in, 30 
•bock in. 29 
wg ga r y in. 37 
tamparatura, 33 
tatanu* andtrodn in, 30 
raeordi, 4 5 

tboraclc waD injnrlaa and. 223 
Raart, foraigD bodla in, traatuMut of, 
230 

tamponada, 355 

wound*, tboracic wall inj^fftea erwt^ 
234 

typea of pltural oarity hamor 
rbaga and. 254 

Hematoma in bead wo un ds, ooncouw 
batant, 38 43 
bttracarabral, traatmant, 48 
■ubdnral, arata, dtacnoaJ* of 46 
traatmant, 46 
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Hematoma, subdural, chronic, diagnosis, 
46 

treatment, 47 

Hemopencardium, hemothorax and, 256 
treatment of, 255 

Hemopneumopencardium, treatment of, 
256 

Hemoptysis, thoracic wall injunes and, 
227 

Hemorrhage, control of, in spinal 
cord Wounds, 53 
in head wounds, treatment, 10 
in thoracic wall injuries, 223 
intercostal artery, ligation technic in, 
267 

intracranial, in noncombatants, care 
of, 37, 43 

intraventricular, treatment, 48 
of intercostal artery, ligation in, 267 
pencostal suture in, 268 
pencardial, heart wounds causing, 
254 

pleural cavity, heart wounds causing, 
254 

subarachnoid, in noncombatants, care 
of, 36, 45 
Hemothorax, 223 
definition of, 244 
diagnosis of, 244 
infected, treatment, 248 
treatment of, 245, 248 
synopsis, 231 

trocar-catheter drainage in, 264 
Hernia, diaphragmatic, repair of, 294 
Hospitals, field, 16 

operating equipment in, 17 
organization of, 17 

Humerus, fracture of, musculospiral 
nerve injury and, 111 
Hydrotherapy in nerve injuries, 179 
Hypoglossal nerve injunes, incidence 
of, 167 

Iliohypogastric nerve anatomy, 142 
injury, 142 

Iho-inguiaal nerve anatomy, 142 
injury, 142 

Implantation, nerve, technic of, 164 
Intercostal artery ligation technic, 267 
pencostal suture of, 268 
postenor, ligation technic, 267 
Interosseous nerves, postenor, in fore- 
arm injury, 112 

Interruption in penpheral nerve injury, 
97 


Intervertebral disk injunes, 73 
diagnosis of, 73 
etiology of, 73 
laminectomy in, 78 
neurologic examination in, 75 
pain in, 74 
prophylaxis, 78 

roentgenologic examination in, 
75 

spinal puncture in, 75 
stress and, 73 
treatment, 77 

Jones condenser current in penpheral 
nerve injury examination, 92 

Klumpke syndrome, 129 

Knee, antenor crural nerve injury and, 
141 

sciatic nerve injury and, 138 

Laminectomy m intervertebral disk 
injuries, 78 

in spinal cord wounds, 62 
technic, 65 

Leg, antenor crural nerve injunes and, 
141 

nerves of, 135 

peroneal nerve injury and, 137 

Lobectomy, drainage techmc in, 280 
technic, 277 

Lumbar injunes in spinal cord wounds, 
treatment, 64 

puncture in head wounds, noncom- 
batant, 34 

Lumbosacral plexus nerve injunes, 142 

Lung abscess, diagnosis of, 253 
drainage techmc in, 282 
etiology of, 253 
treatment, 253 

collapse, hemothorax contrasted with, 
244 

contused, hemothorax contrasted 
with, 245 

extenonzabon of, 283 
foreign bodies in, removal of, 283 
treatment of, 249 
laceration, 275 

drainage technic in, 280 
thoracic wall injunes and, treat- 
ment synopsis, 232 
pneumomc, hemothorax contrasted 
with, 245 

resection, indications for, 276 
technic, 276 
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w«n tojiirie* and traatment 
ijno prii, 232 
Ufadon tAf 266 
Mmuc* oam liihzdM, 180 
UcclicDotlur*l>y hi Darr* In^tiria*, 162 
UadltQ D«rT* anatomy 130 
fajhiri*., 121 124 
tfjtoltic IcM in, 124 
Incidanca o£. 81 
protopctlilc loaa In, 134 
raCvun^tloD time In, 69 
•pHntln, 177 
Qlnar oarm and, 124 
Idadiastlootomy carrlcal, tachnlk od 
297 

t>aatarioc technic ct, 298 
rupraftarnal, technic of 392 
technk: of 396 

Idanlfl^tU, cbamotharapj in, 187 
dlaywrit of, 18? 

UaralfU paieecthedea, 141 
UorpHoa, 19 

ta thoracic *all Injorlaa, 224 
Idotor point faa peripheral oerve hiiory 
M I 

Unacle atrophy la tMrre tn^iry 173 
CQatraetlUty In narre la|ttry 172 
dafqn a fty la pa rra inhi^ 173 
datenaratlacL, treatment of 173 
oerra lohtriaa and, 172 
tone in nerra Inlory 172 
Uomilocotaneoai oerra eoatomy 124 
inhtriea, 125 
(ncldaoca of 81 
ratenar a tfoo time In, 89 
tpifart la, 177 
Umv inh^e* of 125 
Idoeculoaplral oerra enatocoy los 
Injtny 109 

axtartafTei, 113 
incidence of, 61 
refaoaredofi la, 89 111 
rpllnt in, 177 

tendon tranaplanutlcn In 113 
Myalin, fonctlon ot, 84 
in nerre Injorlaa, 89 
Idyntatlc IrrluUDty In perlpWal 
narm Injury 94 

Hi 3 rvs(a> anetotsy 82 

anterior crural, anatsmy 139 
injury 140 
In^enea, 8l 

aaniary Injury n| ^7^ 


NarT«<a) brachial plema, anatomy of 
126 

Injxiriea of 128 
carrlcal plaxia, anatomy 132 
injuriaa of 132 
aympathatic, hijiuiaa to, 131 
dreomBax, anatomy of, 126 
Injury 126 
inddeDce, 61 
aiillnt hs, 176 
cranial, Injurlea ol, 167 
loddance, 167 

croaalnc In facial narre hijaiiaav 167 
technic, 156 

cutanaoua, extamal, anatomy of 141 
Injury of 141 
Intamal, anatomy 135 
Injury of 123 

Mfmantal dUtributloo of 56, 57 
datanerados of 85 
axpoaure technic, 145 
fadal. Injury of 167 
Inddaoc*, 167 
operatiTa tacbxde bv 167 
fiben. 83 

Cenltoemral, anatomy 141 
glienipiiarjTnaal iaJuHaa at iDc4> 
dance, 167 

(raftinc, ruttirint la, 161 
tachnlc of 160 164 
hypofioaaal, Injurlaa of, Inddance of 
167 

Oinhypocaatric, anatomy of 143 
Injuria* of 142 
lli&4ngujnal, anatomy of 142 
Injuriaa of, 142 
ImplastadoQ technic, 164 
Injury dJjtal and chanc** In, 87 
maaeafa in, 180 
Bwchanotbarapy la, 182 
oiuaclaa and, 172 
raaworflcal cere bo, 173 
phyrical tbarapy In, 179 
poat operail te care In, 174 
preoparatlTe Cara in, 173 
pradmal and chan(a« In, 67 
refBoaradoo Uma In, 69 
apUnta In, 173 
diarmotherapy In, 179 
Imarowaom, Injury In forearm, 112 
Irrltadon, alcohol Injection In, 170 
emputadoB neuroma in, 171 
P**^^*!*! aympalbactomy hi, 17l 
paripheral oerra injury an^ , Q8 
lympathadc trunk axdxlcn In, 171 
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Nerve (s), irritation, symptoms of, 169 
treatment of, 168 
leg, 135 

lumbosacral plexus, injuries of, 142 
median, anatomy, 120 
injury of, 121, 124 
epicntic loss in, 124 
incidence, 81 
protopathic loss in, 124 
regeneration time in, 89 
splint in, 177 
ulnar nerve and, 124 
musculocutaneous, anatomy of, 124 
injury of, 125 
incidence, 81 
regeneration time in, 89 
splint in, 177 
lesser, injuries of, 125 
musculospiral, anatomy, 106 
injuiy of, 109 
extensive, 113 
incidence, 81 

regeneration time in, 89, 111 
splint in, 177 

tendon transplantation in, 113 
obturator, anatomy of, 141 
injuries of, 141 

overlap in peripheral nerve injury, 
96 

partially divided, repair of, 149 
peripheral, anatomy, 81 
funicular, 85 
blood vessels of, 84 
fibers of, 83, 84 
injury of, 81 

atrophy in, 92, 98 
chronaxie in, 93 
end-results in, 103 
exarmnation, 91 
electric, 92, 98 
forms in, 199 
motor, 91 
sensory, 94 
history, 90 
incidence, 81 
irritation in, 98 
longitudinal reaction in, 94 
movements in, 91 
myotatic imtabihty in, 94 
palpation in, 91 
paralysis time, 90 
prognosis in, 89 
reflexes m, 92 
regeneration in, 89 
mtemipted, 103 


Nerve (s), penpheral, injury of, regen- 
eration time in, 102 
tone in, 92, 98 
trophic changes in, 99 
peroneal, anatomy, 134 
injury of, 137 
inCTdence, 81 
regeneration time in, 89 
posterior interosseous in forearm in- 
jury, 112 
regeneration, 85 
criteria of, 101, 103 
statistics of, 104 
repair, anesthesia in, 144 
axial alinement in, 150 
crossing in, 153, 158 
dissection in, 147 
electric examination in, 146 
end-to-end suture in, 156 
fibrin method of, 154 
grafts in, 153 
implantation in, 155 
instruments in, 145 
intraneural scar in, 148 
methods of, 150 
mobilization in, 151 
nerve bed preparation in, 156 
neuroma continuity in, 148 
postoperative care in, 174 
preparation, 145 
procedure selection in, 155 
relaxation in, 151 
scar tissue in, 147 
stretching in, 152 
surgical, 142 
suture in, 157 
techmc, 145 
grafting, 160 
transposition in, 152 
saphenous, internal, mjury of, 141 
sciatic, anatomy of, 132 
injuries of, incidence, 81 
regeneration time in, 89 
sensory loss, 136 
splint in, 177 
small, anatomy, 139 
segments, lifting techmc for, 162 
spinal accessory, injuries of, inci- 
dence, 167 

thoracic, long, anatomy of, 126 
injuries of, 126 
tibial, injuries of, 137 
incidence, 81 
regeneration time in, 89 
transplant in facial nerve injuries, 168 
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N«m(t) trlfwiiml, of Ind- 

droc«> 167 

p^Tw nutocny of, 114 
to p ocr a phic, 120 
ls|Tir 7 of 114 124 
•plcrkk k»9 in, 119 
inddtoca 01 
tnatflMn twrra acd, 124 
mmimlaT Bbroch, wriit, and, 320 
protopatUc loas in, 119 
r*c*^wration tim* In, 89 
tpQnt In, 177 

wrist c onU a c turas and, 120 
dtfonnitiai and, 120 
Tacos, injorlas of Inddanca, 167 
Nwtous tjrrtem, Infactlona of, 183 
tympathatic, oaoral^ of, 169 
NauralfU, 160 Sae also Caiisa/df*> 
Nmaritls. 

axtarnal nenr* Lnlury and 141 
NauraxlB, anatomy of, 64 
rttanaratlan of, 68, 101 
Naoridf, aleobel taja^on in, 170 
amputatl oo na uru ma la, 171 
p*rUrtarlal aympatboctocny In, 171 
paripharal n ai Ta lajory and 96 
(ymptoms of 169 
traa loi a nt of 168 
Naarc£brlls, 84 

Na o ro lysl a, ra tau aratdoa statistics la. 
104 

Nauruuia, a m p ouU oo (a narra Irrita- 
tion. 171 

tarmlml, rroxTral of. in narra httory 
146 

scalp w n>iin<^_ 9 

OVTUaaTOa narra anatomy 141 
Iffljiiriaa, 141 

OstaomraOtis fai apfoal cord injnrlaa, 
71 

of skull, traatnsant, 186 
Osj(wi tharapy In tborade wall In- 
Juriaa. 234 

Pasaltcis, cranial, hi baad wounds, 
noncocnbatant, 3S 
In baad woonda, noiKombatatit, 33 
Pana^tlnc wound, dsdnltloQ, 3 
P arf osatl ttc rrounds, 27 
Parlcardlcantasla, bsdlcatlan for 259 
tatindc. 259 

Paricardl oat easy 290 


PdicanHuEo, foraicn bodlat in, fra at 
meat of 251 

hansorrhac* from baart woenda, 
254 

Parinetorium, 84 
Parlpbarml narra anatomy 81 
funicular 85 

blood rawa la , 64 ^ _ 

flbara, 83, 84 
Injnry 81 

afropby in, 92, 98 
f V ir finawl a In, 93 
and-raanlts In, 103 
axamlnation of, 91 
al#cfric.92 98 
forma In, 199 
motor 91 
blatcry in, 90 
Incldanca of 81 
Irritatlcin in, 98 
loncltudinal raactloQ In, 94 
moramanta In, 91 
myotadc InltaHUty in, 94 
palpation in, 91 
pandytia tlma In, 90 
pr ocp oa ia In, 89 
raflcaaa is, n 
l a c a u aratloo In, 69 
Intarroptad, in, 103 
tlma in, 102 

•acaory axamlnation in, 94 
tuna in, 92, 98 
trophic cbanfca In, 99 
Partaiaal narra anatomy 134 
inj ury 137 

Inddaoca of 81 
laf and, 137 

racasaratlon tlma in, 89 
Pbysloloclc in tamip doo In i>arlpbaral 
narra iDjury 97 

Flaura, abacaaa of, U aa Uu a si t of, 246 
ampyasna of, diacnoais of, 245 
drainaca in, 269 
traatmant, 246-348 

rib raaactlop tacimlc hi, 369 
typaa, 245 

foraicn bodlaa In, fraatmant of 249 
f3aunil carlty drain aca^ 225 

bamorrfraca Into, from baart 
w n«iiK4«, 254 

afluslcBS, bamotborsx cootraatad with, 
245 

Plauritla, dlffoaa, fraat m ant of, 246 
Plauro-abdominal arounda, fr^tmant 
•ynopala, 237 
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Pleurobronchial fistula, drainage in, 
226 

Pneumonectomy, drainage in, 280 
technic, 278 

Pneumothorax, artificial, technic, 261 
diagnosis, 240 

in thoracic wall injuries, 239 
open, 239 
pressure, 239 
first aid in, 235 

mediastinal emphysema and, 236 
thoracentesis in, 258 
treatment of, 235, 241 
sucking, 240 
first-aid in, 235 
treatment of, 235, 241 
treatment, 241 
Procaine hydrochloride, 18 
Pulmonary distress in spinal cord in- 
juries, 70 

Pupil (s), changes in, in head wounds, 
noncombatant, 33 

Queckenstedt test in spinal cord 
wounds, 58 

Radial nerve anatomy, 106 
injury, 109 
extensive, 113 
regeneration in. 111 
splint in, 177 

tendon transplantation in, 113 
Records in head injury, 4, 5 
in spinal cord wounds, 53 
Reflex (es), in head wounds, noncom- 
batant, 33 

in peripheral nerve injury, 92 
Regeneration, nerve, criteria of, 103 
statistics on, 104 
time of, 89 

Rehabilitation in nerve injury, 184 
Reinfusion technic, 257 
Repair, nerve, anesthesia in, 144 
axial ahnement in, 150 
crossing in, 153, 158 
dissection in, 147 
electric examination m, 146 
end-to-end suture in, 156 
fibrin method, 154 
grafts in, 153 
implantation in, 155 
instruments m, 145 
intraneural scar in, 148 
methods of, ISO 


Repair, nerve, mobilization in, 151 
nerve bed preparabon in, 156 
neuroma continuity in, 148 
preparation for, 145 
relaxation in, 151 
scar tissue in, 147 
stretching in, 152 
surgical, 142 
suture in, 157 
technic, 145 
grafting, 160 
transposition in, 152 
Rib cage, crushed, elevation of, 265 
fractures, thoracic wall injunes and, 
treatment synopsis, 230 
resection technic, 269 
Roentgenography in head wounds, non- 
combatant, 35 

in intervertebral disk injuries, 75 
in spinal cord wounds, 55 

Saphenous, internal, nerve injuries, 
141 

Scalp, gunshot wounds of, 3 

emergency treatment in, 9 
first-aid in, 9 
infections of, 185 
wounds, excision of, 22 

in noncombatants, treatment, 30 
Scapula, thoracic nerve injuries and, 
126 

Scar tissue, removal in nerve injury, 
148 

Sciatic nerve anatomy, 132 
injuries, incidence of, 81 
regeneration time in, 89 
splint in, 177 

lesions, sensory loss in, 136 
small, anatomy, 139 
Scrotum, genitocrural nerve injuries 
and, 141 

Sensation in peripheral nerve injury, 94 
Sensibility in peripheral nerve injury, 
94 

Shell blast, thoracic wall injuries in, 
238 

wounds of scalp, 3 See also Gunshot 
wounds 

Shock in head injuries, noncombatant, 
29 

in spinal cord wounds, 52 
in thoracic wall injuries, 223 
treatment of, in head wounds, 8 
Sinus (es) air in craniofacial wounds, 
27 
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Sfana(«) In tliortcic w»ll tnlarl*t, I 
227 

tmctloo In wTrlcnl Injury 63 
RVjn in spliiAl cord wocrads, 67 
Stall, fr nct uf oL S«« aUo 

dar*l p»o> tr*tl oa In, 19 
pond<«li«p«d dffprMMd, 13 
dmpl* dfpTMMd, mrt«ry 46 
t u rftt j Ute, 42 
tufvotUl, 12 

witliout duTvl pmvtradon, 11 
typw, 12 

CumboC wouodi of, 3 
Ciit*oca7«lltli et 1&3 
tTMtsMnt, 186 
waand, Tiririon of, 22 

In nrmco m b o mti , troatsmt, 31 
Splnol KCMiLjij Mm tnjariM, lod* 
d*oca of, 167 
cord, craldfif of 59 
woondi, 51 

abdomiiial dtrtvodoD la, 69 
bladder tn. 68 
ba««( In, 69 
<ara, 67 

chordetODiy la, 71 
Cfrimion In, S9 
con tr a ctu re La, 70 
coo t uU oa in, 59 
d ac orn praarioo la. 61 
dlagnoaH , 54 
drmlnata la, 67 
fluid In, 69 
food in, 69 

bamorrttaro control in, S3 
madkadon In, 53 
nauroloclc cEastdnctioa la, 55 
oe taomy anda In, 71 
pbytlcal tbarapy la, 70 
iwinwr y rflitraai in, 70 
QaarVamtadt tart la, 58 
ra co e dj la, S3 
roantcanocrapby In, 55 
tbock In, 52 
traatmant, 52 
•Un in, 67 
Mu^ a ij in. 61 
transportadon in, 51 
traatmant, 60 
Uta, 70 

of caodaJ injoriaa, 64 
ot carrlod tnjnriat, 63 
of hnnbar Injuria*, 64 
of tboradc injuria*, 64 


Spina apfdural abacaaa of, 196 
lym ptoma, 197 
traatmant. 198 
Splints in narra injuria*, 175 
old. 178 

Sdmalants in thor»dc wall injuriaa, 
224 

SulfanOandda in baad wounds, 9 11 
In iplnal cord wounds, 54 
Sulfathlasola In baad wounds, 11 
In spinal cxvd wounds, 54 
BolfoaaEnldas in tboradc wall injuria*, 
226 

naraa rapair and, 142 
SupfnadoD in mcsculoapiral narra in- 
jury 111 

S um a. oarra ta ch n l c, l56 
Sympatbactoeny pariartarial, 171 
SympAtballc c arro us tyttam, nauralcia 
of 169 

trunk asdrioD in narra Ir r ita tiop, 

171 


TsmoK transplantation, 113 
Tatann andtsoiD adslrdstradan in 
BODtambatant baad wauoda, 
30 

to eoDobatants, 4 
in spinal cord wounds, 54 
Immunixatlon afalnat, 3 
tnredd, a dmlnhtfa doo to combatants, 

4 

Tbarmocbanpy in naraa injurlaa, 179 
Thlfti, astarlor aural narra injmrias 
and. 141 

cutasaous narra injuria* and, 141 
Saohocnral narra injuria* arirf, ifi 
llinbypocsstric narra injury acsl, 142 
Hio-tncoinal narra injury anH, 142 
narraa of, 133 

obturator na i ra Injuria* and, 141 
Tboracanlaafa, indicadoria for 258 
tarhuic. 258 

Thocadc narra, loo*, aartnmy of, 126 
injurlaa of, 126 

wan injurlaa, anastba*ia In, 222 
a wodatad Injuria*, 223 
ebamotbarapy In, 226 
ccBUpIkadacis in, 239 
LumfaaasloD. traatmant vrtnp- 
•fa, 229 

axmlmcmc* in, 227 
drainafa in, 225 
dm(i In, 224 
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Thoracic wall injuries, embolism in, 
224 

first-aid in, 221, 229-238 
foreign bodies in, 248 
gunshot, treatment, 237 
hemorrhage in, 223 

into subfascial spaces, 254 
treatment, 231 

infection in, treatment of, 252 
oxygen therapy in, 224 
pneumothorax in, 239 
shock in, 223 
pleural, 224 
treatment, 231 

spinal cord wounds and, treat- 
ment, 64 

tangential, treatment synopsis, 
229 

transportation in, 222 
treatment of, 221, 229 
synopsis, 229 

Thoraco-abdominal wounds, surgery in, 
294 

Thoracotomy, anesthesia in, 272 
drainage technic in, 262 
technic, 273 

Through-and-through wounds, 21, 27 
Thumb, median nerve injuries and, 
123 

musculospiral nerve injury and, 109 
ulnar nerve injuries and, 118 
Tibial nerve injuries, 137 
incidence of, 81 
regeneration time in, 89 
Tinel’s sign, 102 

Tobacco m thoracic wall injuries, 225 
Trachea, intubation of, technic, 257 
wounds of, surgical technic in, 292 
thoracic wall injuries and, 237 
Tracheotomy technic, 294 
Traction, skeletal, in cervical injury, 
63 

Transdiaphragmatic wounds, treatment 
sjmopsis, 237 

Transplantation, nerVe, techmc of, 162 
Trigeminal nerve injuries, incidence of, 
167 

Tnpod incision, 22 ‘ ^ 

postoperative care, 28 ^ 


Trophic changes in penpheral nerve in- 
jury, 99 

Ulnar nerve anatomy, 114 
topographic, 120 
injury, 114, 124 
epicntic loss in, 119 
incidence of, 81 
median nerve and, 124 
muscular fibrosis and, 120 
protopathic loss in, 119 
regeneration time in, 89 
splint in, 177 
wnst contracture and, 120 
deformities and, 120 

Vagus nerve injuries, incidence of, 167 
Vault, fracture of, in head wounds, non- 
combatant, 38 
Vertebra (e), recoil of, 59 

Wallerian degeneration, 87 
Weakness in head wounds, noncom- 
batant, 33 

Wound (s), craniofacial, 27 
gunshot, 3 

of brain, 3 See also Head wounds 
of scalp, 3 See also Head wounds 
of skull, 3 See also Head wounds 
of thoracic wall, treatment, 237 
head See Head wounds 
penetrating, definition, 3 
skull, pond-shaped depressed, 13 
tangential, 12 

thoraco-abdominal, surgery in, 294 
through-and-through, 21, 27 
tracheal, surgical technic in, 292 
thoracic wall injuries and, 237 
Wnst contracture, ulnar nerve injury 
and, 120 

deformities, ulnar nerve injury and, 
120 

flexion of, ulnar nerve and, 114 
mjunes, ulnar nerve and, 120 
median nerve injunes and, 122 
muscular fibrosis of, ulnar nerve in- 
jury and, 120 
Wnstdrop, 109 
splint for, 113 




